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ABSTRACT
The purpose of this causal-comparative study was to employ a quantitative research
paradigm to determine the impact of a one-to-one technology initiative on the development of
the 4 C skills of high school students. An objectives-based evaluation model was used to review
the one-to-one implementation for future planning and continuous improvement. COVID-19
provided an additional factor that forced both teachers and students to use their newly acquired
one-to-one technology tools faster and more extensively than anticipated. The immersion into
the new learning environments were captured through pre and post COVID-19 experiences.
This study found that teachers did not perceive any effects on the development of 4 C
skills of students after the one-to-one technology initiative. A one-way ANOVA test supported
the null hypothesis that there was no effect as perceived by teachers. They did find value in the
technology tools overall, noting the ease of communication, increased collaboration
opportunities, more creation tools, and a more equitable learning environment. Student data
revealed a much more positive perspective of the effects the one-to-one technology initiative.
The student analysis showed statistically significant differences in all 5 dependent variables as
reflected in the Kruskal-Wallace non-parametric test.
This research can help fill a void in existing research by focusing on the development of
students’ 4 C skills instead of grades and test scores to determine any impact after the
implementation of the one-to-one technology initiative. This research study can guide future
initiatives and inform best practices for innovative change.
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CHAPTER 1
Introduction
With the decision in the fall of 2019 for the participating district to issue more than 3,500
iPads to students in grades 9-12, two key questions needed to be addressed. “What do we hope to
achieve?” and “How will we know if we are successful?” Like many schools, the pressure to get
the technology into the hands of students often happens very quickly without much planning past
the initial distribution. In the absence of clear short-term and long-term goals or an evaluation
plan to measure the effectiveness of the initiative, there is often little learned about how to make
these investments financially or academically valued. Current research does not reflect
significant benefits in student academic performance as measured by Grade Point Averages
(GPA) or standardized tests from one-to-one technology implementations (Bebell & O’Dwyer,
2010; Cristia et al., 2017; Cuban, 2006; Valiete, 2010). Despite all the time, effort, and funding
being funneled into such programs nationally, increased test scores and higher grades are not
being realized (Bulman & Fairlie, 2015). Considering the investment associated with purchasing
personal learning devices for each student along with the government mandates to improve
education and raise the achievement levels of all students, schools find themselves at a critical
juncture in the history of education reform (Weston & Bain, 2010). Yet, Bulman and Fairlie
found that “…in spite of its promise, the evaluations of programs to increase the presence of
computer technology in schools and at home yield mixed evidence, with many null effects”
(Bulman & Fairlie, 2016 as cited in Hull & Duch, 2016, p. 2). Donovan et al. (2010) reported no
improvement in academic performance and, in fact, found that some educators shared that laptop
computers proved to be a distraction for students.
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The investment may not be in vain though as schools are seeing positive results in nonacademic, behavioral areas, sometimes referred to as soft skills or dispositions. Are we, perhaps,
asking the wrong questions and measuring the wrong factors? While results in Michigan’s statewide efforts failed to show a correlation between one-to-one programs and state test scores, they
did show higher levels of student engagement, fewer suspensions, and fewer discipline problems
(McLester, 2011). To explore the impact of these one-to-one initiatives on non-academic areas,
this study will focus on determining if the purchase of the iPads as the personal technology
device in the one-to-one initiatives specifically impacts students’ development of the “4 Cs” (i.e.,
Communication, Collaboration, Critical Thinking, Creativity) dispositions of the Framework for
21st Century Learning (2016) (See Appendix A), the North Dakota Department of Education’s
Choice Ready Framework (2020) (See Appendix B), and the participating district’s Profile of a
Graduate (2020) (See Appendix C). The 4 C skills, while not reflected through academic
achievement on standardized tests, or GPAs, are essential for all 21st century students’ success.
These skills are highly valued in most professions and careers today. A recent study of company
managers and executives in the United States reported that proficiency in reading, writing, and
arithmetic are no longer sufficient if future employees are unable to think critically, solve
problems, collaborate, or communicate effectively (American Management Association, 2019).
Determining how to integrate instruction to support the development of these skills into our
curriculum and measure them effectively is crucial to the future of education, as well as the
futures of our students.
This study incorporates survey research analyzing data using a program evaluation
framework, modeled from the work of Ralph Tyler (1949). Referred to as the Tylerian approach,
Tyler developed this model to evaluate the effectiveness of a program by using the program’s
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objectives as criteria to measure its merit (Spaulding, 2014). Using the goal of the participating
district’s one-to-one initiative is to create a 21st century learning experience for all students that
supports the academic literacy and prepares them for college, career, and life (2018). The
participating district’s one-to one initiative included the purchase and distribution of iPads for
every student and teacher in grades 9-12. Using the Tylerian approach as the theoretical
framework for this study, the researcher focused on the development of the 4 C skills in students
after the implementation of the one-to-one initiative to measure the impact of the program on the
4 C skills and determine a plan for continuous improvement.
Brief Literature Review
As technology is increasingly integrated into classrooms to support learning (People for
Education, 2019), there is an ongoing need to check-in with students and teachers to explore how
they are responding to the influences of technology. Technology is changing at a rate we have
never experienced before and forcing educators to quickly and continually find the best ways to
implement these new tools to support student learning and create an equitable environment to
meet the needs of all students with the purpose of supporting student development of the 4 C
skills. Technology tools paired with internet access has transformed today’s classrooms into a
very different environment from what they were even 15 years ago. Technology is not new to
education but the tools that technology encompasses continue to exponentially evolve. When
referring to technology in schools today, most schools are describing the use of a personal
learning device (i.e., laptops, tablets) with each student. Equipping teachers with a laptop,
installing a projection solution in each classroom, and making carts or labs of computers
available for student use was the prior educational technology standard for most schools. Now
the next phase is providing each student a personal learning device that they can access 24/7,
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inside and outside of school. “This rapidly technologically advancing world, holding the key to
the next technological breakthrough is what keeps a country competitive in the global society”
(Holen et al., 2017b, p. 24) Schools are expected to prepare our students for this global society
with the skills necessary to succeed. Keeping up with the changes is an ongoing challenge for
everyone and schools play a key role in providing the knowledge and training needed to be
competitive in our modern world.
Presidents Clinton’s Educate America Act in 1994 first called upon the Department of
Education to create a national strategy to include technology into all educational programs
(Harris et al., 2016b). This act, also known the Goals 2000, had four goals involving educational
technology. Those goals involved: 1) providing all teachers with training and support to help
their students learn through computers and the information superhighway, 2) assuring all
teachers and students would have modern computers in their classrooms, 3) connecting every
classroom to the information superhighway, and 4) integrating effective and engaging software
and on-line resources into every school curriculum (GOALS 2000, 1994). President Bush
continued those efforts through the No Child Left Behind Act of 2002. This act stressed the need
to improve student academic achievement through the use of technology to close the
achievement gap in education while holding schools accountable. The accountability was
measured in terms of test scores and connected those scores to federal funding. The goal of
NCLB in regard to educational technology was to,
“…support improved student academic achievement through the use of technology in
schools by supporting high-quality professional development; increased access to
technology and the Internet; the integration of technology into curricula; and the use of
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technology for promoting parental involvement and managing data for informed
decision-making” (Office of the Under Secretary, 2002, p. 86).
In the end, No Child Left behind forced schools focus their attention on standardized tests and
suffered from underfunding in its efforts to fulfill its promises (Klein, 2015).
President Obama signed the American Recovery and Reinvestment Act in 2009, which
provided $4.35 billion to fund the Race to the Top Fund for educational innovation and reform,
referred to by the United States Secretary of Education as “education reform’s moon shot” in a
commentary describing the largest unrestricted fund for education in the history of the country
(Harris et al., 2016b, p. 371). Obama’s Council of Advisors on Science and Technology issued a
report in 2010 that stressed the urgency in preparing American students with a strong foundation
in science, technology, engineering, and mathematics in order for students to transfer this
knowledge to their personal and professional lives, which will then also impact the American
society (President’s Council of Advisors on & Science and Technology, 2010). Legislation
alone, though, is not enough to leverage technology tools to support the desired increases in
student academic or behavioral achievement. These efforts lacked a clear plan of implementation
and a universal assessment to measure their impact on student learning and development.
Lei and Zhao (2008) observed that school districts are increasingly adopting educational
goals to promote the 21st century skills of enhanced collaboration, communication, creativity,
digital literacy, and self-directed learning. Varier et al. (2017) focused on how teachers and
students used technology devices (e.g., phones, tablets, laptops) in the classroom to create a
student-centered learning environment and develop 21st century skills in an effort to inform a
school district’s decisions about bringing one-to-one technology use to scale. The authors
discovered that regardless of the specific device, opportunities existed to enhance 21st century
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skills for students inside and outside of the classroom. For example, students were using the
technology devices to collaborate with their peers more, demonstrate enhanced communication
skills, and seek out information to self-direct their learning. They also noted an increase in
student engagement following the implementation of the technology devices. “Engagement
occurs when students take responsibility for their learning, feel invested in learning tasks, and
see the value of school learning in the real world” (Varier et al., 2017, p. 979). Hannon suggested
that activities to foster student engagement in real world situations, encourage continued learning
beyond the classroom.
“With such activities, the notion of ‘school’ as the only place where learning occurs
should be reframed as a place considered a ‘base camp for enquiries’. One-to-one
technology plays a vital role in extending learning beyond the classroom and at the same
time bringing the larger world into the classroom” (2012, p. 5).
The Partnership for 21st Century Skills (P21) developed the Framework for 21st Century
Learning which identified the most important 21st century skills for K-12 education (P21, 2016).
Often one-to-one technology studies try to identify correlations between the one-to-one programs
and standardized test scores. These assessments do not effectively measure 21st century skills
(Canuel, 2010). Unlike other measures impacted by one-to-one programs (such as student
motivation), no author has presented a counter argument to the positive findings relative to
information and communication technology skills gained with one-to-one technology programs
(Young, 2017),
Some researchers assert that other higher-level thinking skills neglected by most
standardized assessments are also strengthened as a result of each student having a personal
technology device (Cristia et al., 2012; Serin, 2011; Spektor-Levy & Granot-Gilat, 2012). These
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21st century skills include creativity, organizational skills and self-management, independence
and collaboration skills, and critical thinking and problem-solving skills. The development of
abstract reasoning skills associated with academic performance in multiple subject areas also
appears to be positively associated with 1:1 programs (Bebell & Kay, 2010; Serin, 2011).
The 4 C skills are not dispositions easily or universally measured. They are, however,
quintessential, and, far more important in today’s job market. They are defined by the
participating district as behavior skills, assessed at the elementary and middle school levels,
through behavioral rubrics specific to the district known as the Approaches to Learning and
College and Career Readiness (CCR) skills (2020). Finding ways to assess the development of
the 4 C skills, at the high school level in particular, is being worked on through a number of
different organizations to embed them into the Common Core State Standards (CCSS) (P21,
2016). The pressure to graduate students that can demonstrate these skills from colleges, future
employers, and communities is mounting. The lack of a universal assessment to measure these
skills in our students is forcing schools to incorporate the 4 C skills into their curriculum without
any vetted guidance. Schools are struggling to find ways for students to develop these skills,
demonstrate their mastery, and assess them in a meaningful way. The Partnership for Assessment
of Readiness for College and Careers (PARCC) consortium, reported that assessment tasks must
measure rigorous content and students’ ability to apply that content, and elicit complex
demonstrations of learning and measure the full range of knowledge and skills necessary to
succeed in college and 21st-century careers (2010). PARCC noted that assessing the 21st century
skills using these criteria would “send a strong, clear signal to educators about the kinds of
instruction and types of performances needed for students to demonstrate college and career
readiness” (2010, p. 35).
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Digital Promise is an independent, nonpartisan nonprofit organization that was authorized
by Congress in 2008 and formally launched by Obama in 2011. Their mission is to accelerate
innovation in education to improve opportunities to learn (Digital Promise, 2018). In research
conducted by Digital Promise, they identified a challenge facing many districts when looking
beyond statewide assessment and found districts were trying to create more innovative
definitions on their own and measures of student achievement while still complying with the
accountability mechanisms of standardized testing.
“Unlike the learning outcomes that are traditionally measured, these skills do not yet have
widely adopted tools for assessment. In order to recognize and support students as they
develop these skills, districts need valid and reliable assessment protocols and
instruments for assessment. Further, districts must balance time spent preparing for
standardized tests with their strategic goal to advance this broader skill set” (Digital
Promise, 2018).
Often, the 4 C skills are tied to the use of technology tools (e.g., tablets, computers, internet).
“While critical thinking, collaboration, communication, and creativity can all be taught in a lowtech environment, 21st century students need to harness technology to be effective problem
solvers, collaborators, communicators, and creators” (P21, 2016, p. 32).
Theoretical Framework
The purpose of this study was to conduct a program evaluation of the one-to-one
technology initiative for the 9-12 grade iPad implementation. An objectives-based model was
used to provide a longitudinal evaluation to use in future planning and ongoing improvement.
The objectives-based approach identifies the purpose of educational programs and determines if,
or to what extent, these objectives were realized. Ralph Tyler (1949) viewed evaluation as the
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process of determining the extent to which the objectives are achieved. He is recognized as a
being the ‘Father of Evaluation’ for his contributions to the idea that the concept of behavioral
objectives guides the learning process. He emphasized the use of filtering goals and objectives
based on the rationale of being logical, scientifically acceptable, and easily adoptable by
evaluators (Tyler, 1949). The objectives-based approach is often used in educational programs
but has sometimes garnered criticism because of its simplicity and emphasis on defining
outcomes. The Tyler Model of evaluation focuses on the objectives or goals of the project. Tyler
said that the evaluation needs to focus on the degree to which the objectives are met (1949).
Using this model places the program goals and objectives at the driving force and requires them
to be clearly articulated and measurable. Tyler’s model, therefore, measures success based on the
attainment of the program’s goals and objectives. Without a specific, measurable goal set out for
this initiative, a goal-free program evaluation model was included to find insight regarding the
efficacy of the one-to-one technology initiative. This specifically looked at the impact of the oneto-one technology initiative on the development the 4 C skills of students. Worthen (1990) first
suggested the idea of “goal-free” evaluations as a model, building on the work of Tyler, that not
only ignores the programs goals but avoids learning them. He felt this allowed finding to be
based on the actual outcomes instead of any outcomes set out in advance. Using the goal-free
program evaluation model, the researcher hoped to provide on the impact of the one-to-one
technology initiative in developing the 4 C skills of students. Goal-free evaluation is any
evaluation in which the evaluator conducts the evaluation without particular knowledge of or
reference to stated or predetermined goals and objectives (Youker & Ingraham, 2014). Goals are
broad statements of a program’s purposes or expected outcomes, usually not specific enough to
be measured. “The goal-free evaluator attempts to observe and measure all actual outcomes,
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effects, or impacts, intended or unintended, all without being cued to the program’s intentions
(2014, p. 51). It is the researcher’s intent to provide information regarding the impact of the oneto-one technology initiative to help guide future decision-making and continued improvement. It
is important to be able to clearly discuss the findings and have evidence to support those findings
as district leaders move forward with one-to-one technology and move beyond implementation
to sustainability. For the purpose of this study, an evaluation was conducted to demonstrate the
one-to-one technology initiative’s overall impact on the 4 C skills of 9-12th grade students over a
three-year period.
Statement of the Problem
One-to-one technology initiatives are exploding in schools, as every student is given a
personal learning device and 24/7 access. The assumption of such initiatives generally focusses
on providing all students access to technology tools inside and outside of physical classrooms to
assist in learning. The hope is to level the playing field, providing equity, and evening out the
have and have nots among student populations. Yet, clear goals and expectations regarding what
school leaders hope to achieve beyond equal access as a result are lacking. This is especially true
when looking past the initial implementation to setting long-term goals and educational impacts.
Students are active consumers of content using technology but struggle to become active content
creators without the necessary 21st century skills. “A 21st century view of learner success
requires students to not only be thoughtful consumers of digital content, but effective and
collaborative creators of digital media…” (Kaur, 2019, p. 286). This suggests a lack of skills in
our students to contribute fresh ideas and new information to our world’s digital resources. Our
students need to actively participate in the world around them, especially in a global society, to
keep the nation competitive. Young (2017) suggests that this leaves us with two questions: “Can
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we justify the use of limited resources to provide and sustain a program that has limited evidence
to suggest effectiveness? And second, “Can we afford to stay with the status quo?” (2017, p. 2).
It is necessary to understand resources associated with technology initiatives like this one go well
beyond the actual funds spent but include hours of planning, training, learning, and preparing for
the use of one-to-one devices. These resources are also being diverted from other priorities and
are often undocumented and undervalued. Harper et al. (2016) found in their analysis of one-toone technology research that despite reports on how one-to-one technology benefits student
achievement, research lacks evidence to support this connection. Status quo would hold students
back by continuing to slowly provide technology within the school and the classroom to enhance
curriculum while students are being instructed and within the school walls. The cost of staying
status quo also goes beyond the current state of educational technologies present in today’s
classrooms (i.e., teacher computers, projection solutions, student computer labs/carts). Without
changing the focus of education to include a digital and social literacy, we risk graduating
students without an understanding of the 4 C skills crucial to their future.
Purpose of the Study
The purpose of this quantitative study was to employ a program evaluation framework to
determine the effects of the implementation of a one-to-one technology initiative on the
development of the 4 C skills of high school students at a midsize high school in a suburban
North Dakota city. This study was designed to conduct causal comparative research using five
data sets during a three-phase analysis process. The first phase will explore the results of the
Clarity Technology and Learning surveys administered to both high school teachers and students
over the period of two years: 1) spring of 2020 and 2) spring of 2021. The use of these
longitudinal data provided a baseline to analyze the change from the start of the program through
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year two, focusing on perceived changes in the development of the 4 C skills of students. The
Clarity Technology and Learning instrument was administered online using a Bright Bytes
survey tool, contracted through the participating high school.
Phase II of this study will include the most recent data from the Clarity Technology and
Learning instrument that will be administered online using the Bright Bytes tool in the winter of
2022. This was year 3 of the one-to-one technology initiative and expanded the longitudinal
scope of the data by one additional year. This study focused specifically on the outcomes of
student learning in relations to the development of the 4 C skills after the implementation of the
one-to-one technology initiative.
Phase III utilized survey data collected from teachers and students in the winter of 2022
using the Beliefs about Technology Use for Classroom Instruction and Student Learning survey
tool. This instrument was adapted from a tool created by Ching-Wen Chang (2016). This
instrument was adapted to balance the questions between the 4 C skills and shortened to respect
the time restraints of the participants. This survey was administered online through Qualtrics in
the winter of 2022 to approximately 30 teachers and up to 50 students. The inclusion of this
survey allowed for the collection of more comprehensive demographic information from the
teacher participants including: 1) years of experience, 2) content area, 3) age, 4) level of
education, 5) gender, and 6) grade level taught. These data also included a self-rating component
that allowed the teachers and students to rate their level of technology competency. During this
third phase of the study, the researcher collected more demographic and descriptive data that
included a narrative perspective of the one-to-one technology initiative and the impact on the 4 C
skills of these students.
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This research can help initiate conversations regarding the outcomes of one-to-one
initiatives. This study focused specifically on the outcomes of student learning in relations to
their development of the 4 C skills. Education has historically focused only on looking at grades
and high stakes testing to determine student achievement. Turning the focus instead to the
development of the 4 C skills, changes the way we can measure and define the effects beyond the
traditional academic measurements. This study looked at how the teachers are transitioning from
traditional grades to instead creating personal competency-based learning (PCBL) experiences.
PCBL allows teachers to focus on the process of learning instead of solely on the end product
that students produce. The process of learning can better include and assess the development of
the 4 C skills as they are demonstrated throughout the learning process. The aim of this study is
to help establish guidelines for the design and implementation of future initiatives by providing a
new perspective on the effects of one-to-one technology initiatives and construct an alternative to
plan for innovative educational reform. This shift can now include the development of the 4 C
skills of students and not just the academic achievements measures. The researcher also hoped
the results of this study can serve as a guide to other schools as they launch one-to-one
technology initiatives. Providing a model to inform the development of program objectives and
conduct program evaluation is another important goal of this study. With a change in focus to
include more soft skills such as the 4 C skills, clear program objectives can provide clearly
articulated and measurable goals to determine success based on the attainment of those goals and
objectives.
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Hypothesis
Null Hypothesis statement: There is no effect from the implementation of a one-to-one
technology initiative on the development of the students’ 4 C skills as perceived by teachers and
students.
Alternative Hypothesis statement: There is an effect from the implementation of a oneto-one technology initiative on the development of the students’ 4 C skills as perceived by
teachers and students.
Research Questions
Primary Research Question
1. What are the effects from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ 4C skills development as perceived by teachers and students?
Secondary Research Questions
2. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of collaboration skills while accounting for students’
demographics?
3. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of communication skills while accounting for students’
demographics?
4. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of creativity skills while accounting for students’ demographics?
5. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of critical thinking skills while accounting for students’
demographics?
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Definition of Variables. The following are the variables of study:
Predictor Variable: One-to-One Technology Initiative Implementation. The impact of this
variable will be measured longitudinally (i.e., Year 1, Year 2, Year 3).
Outcome Variable: 4 C s (i.e., Communication, Collaboration, Critical Thinking, Creativity).
Variable A: Communication
•

Constitutive Definition:
Communication is the ability to:
•

Articulate thoughts and ideas effectively using oral, written, and
nonverbal communication skills in a variety of forms and contexts
(P21, 2016, p. 14).

•

Listen effectively to decipher meaning, including knowledge,
values, attitudes, and intentions (P21, 2016, p. 14).

•

Use communication for a range of purposes (e.g., to inform,
instruct, motivate, and persuade) (P21, 2016, p. 14).

•

Use multiple media and technologies; know how to assess impact
and their effectiveness (P21, 2016, p. 14).

•

Communicate effectively in diverse environments (including
multilingual and multicultural) (P21, 2016, p. 14).

•

Operational Definition:
• See Appendix D for the Bright Bytes Clarity Technology and Learning
Teacher Questionnaire Items: 39, 49-50, 58-61, 63
Student Questionnaire Items: 36-39, 41-42
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• See Appendix E for the Beliefs about Technology Use for Classroom
Instruction and Student Learning Instrument:
Teacher Questionnaire Items: Q16 Matrix
Student Questionnaire Items: Q16 Matrix
Variable B: Collaboration
•

Constitutive Definition:
Collaboration is the ability to:
•

Demonstrate ability to work effectively and respectfully
with diverse teams (P21, 2016, p. 20).

•

Exercise flexibility and willingness to be helpful in making
necessary compromises to accomplish a common goal
(P21, 2016, p. 20).

•

Assume shared responsibility for collaborative work, and
value the individual contributions made by each team
member (P21, 2016, p. 20).

•

Operational Definition:
• See Appendix D for the Bright Bytes Clarity Technology and Learning
Teacher Questionnaire Items: 55-57, 62
Student Questionnaire Items: 30-32, 35, 40
• See Appendix E for the Beliefs about Technology Use for Classroom
Instruction and Student Learning Instrument:
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Teacher Questionnaire Items: Q19 Matrix
Student Questionnaire Items: Q15 Matrix
Variable C: Critical Thinking
•

Constitutive Definition:
Critical Thinking is the ability to:
•

Use various types of reasoning (inductive, deductive, etc.) as
appropriate to the situation (P21, 2016, p. 9).

•

Analyze how parts of a whole interact with each other to produce
overall outcomes in complex systems (P21, 2016, p. 9)

•

Effectively analyze and evaluate evidence, arguments, claims, and
beliefs (P21, 2016, p. 9).

•

Analyze and evaluate major alternative points of view (P21, 2016,
p. 9)

•

Synthesize and make connections between information and
arguments (P21, 2016, p. 9)

•

Interpret information and draw conclusions based on the best
analysis (P21, 2016, p. 9)

•

Reflect critically on learning experiences and processes (P21,
2016, p. 9)

•

Solve different kinds of unfamiliar problems in both conventional
and innovative ways (P21, 2016, p. 9).
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Identify and ask significant questions that clarify various points of
view and lead to better solutions (P21, 2016, p. 9).

•

Operational Definition:
• See Appendix D for the Bright Bytes Clarity Technology and Learning
Teacher Questionnaire Items: 69-74, 88-89
Student Questionnaire Items: 33-34, 48-58
• See Appendix E for the Beliefs about Technology Use for Classroom
Instruction and Student Learning Instrument:

Teacher Questionnaire Items: Q12 Matrix
Student Questionnaire Items: Q12 Matrix
Variable D: Creativity
•

Constitutive Definition:
Creativity is the ability to:
•

Use a wide range of idea creation techniques (such as
brainstorming) (P21, 2016, p. 25).

•

Create new and worthwhile ideas (both incremental and radical
concepts) (P21, 2016, p. 25).

•

Elaborate, refine, analyze, and evaluate original ideas to improve
and maximize creative efforts (P21, 2016, p. 25).

•

Develop, implement, and communicate new ideas to others
effectively (P21, 2016, p. 25).
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Be open and responsive to new and diverse perspectives;
incorporate group input and feedback into the work (P21, 2016, p.
25).

•

Demonstrate originality and inventiveness in work and understand
the real-world limits to adopting new ideas (P21, 2016, p. 25).

•

View failure as an opportunity to learn; understand that creativity
and innovation are part of a long-term, cyclical process of small
successes and frequent mistakes (P21, 2016, p. 25).

•

Act on creative ideas to make a tangible and useful contribution to
the field in which the innovation will occur (P21, 2016, p. 25).

•

Operational Definition:
• See Appendix D for the Bright Bytes Clarity Technology and Learning
Teacher Questionnaire Items: 64-68
Student Questionnaire Items: 43-47
• See Appendix E for the Beliefs about Technology Use for Classroom
Instruction and Student Learning Instrument:

Teacher Questionnaire Items: Q15 Matrix
Student Questionnaire Items: Q19 Matrix
Definition of Terms
For the purpose of this study, the following definitions apply:
21st Century Skills: Refers to “…knowledge, skills, work habits, and character traits that are
believed to be critically important to success in today’s world by educators, colleges, and
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employers. 21st century skills can be utilized in all academic subject areas, and in all
educational, career, and civic settings throughout a student’s life” (P21, 2016).
24/7 Access: This refers to the student’s ability to access their school issued iPad with
internet connectivity available 24 hours a day, 7 days a week.
Collaboration: The ability to effectively and respectively work in diverse teams, demonstrate
flexibility and willingness to compromise, share responsibility, and value individual
contributions (P21, 2016, p. 20).
Communication: The ability to communicate clearly for multiple purposes and in diverse
environments through articulate thoughts and ideas as well as effective listening to decipher
meaning (P21, 2016, p. 14).
Creativity: The ability to think creatively including brainstorming a wide range of ideas,
elaborating, refining, analyzing, and evaluating original ideas. Creativity is also the ability to
work creatively with others by developing and implementing new ideas, being open and
responsive to new ideas, demonstrating originality and inventiveness and appreciating the value
of learning and failing as part of the innovation cycle (P21, 2016, p. 25).
Critical Thinking: The ability to reason effectively, utilize systems thinking, make
judgements and decisions, and solve problems (P21, 2016, p. 9)
4 C Skills (4 Cs): The set of the four 21st century skills (i.e., Communication, Collaboration,
Critical Thinking, and Creativity) identified from the Framework for 21st Century Learning as
the most important for K-12 education (P21, 2016, p. 3). These skills are essential to prepare
students for the increasingly complex life, work environments, and global society.
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One-to-One Initiative: An educational program that provides one personal learning device
(e.g., iPad, laptop, tablet) to each student along with access to the internet that students can
access both within school and outside of school to support learning.
Personal Learning Device: A piece of technological hardware, technology tool/device (e.g.,
iPad, laptop, tablet) assigned to a student to support educational development. Students are
issued these devices, similar to textbooks, and return them when they are no longer enrolled at
the school.
Significance of the Study
The results of this study contribute to the understanding of educator and student
perceptions of the development of the 4 C skills in 9-12th grade students after implementing a
one-to-one technology initiative. This study serves as a model for other schools planning to
implement one-to-one technology programs. One-to-one technology implementations arguably
advance the potential for developing 21st century skills, which include communication and
collaboration, critical thinking and problem solving, creativity and innovation, and the rapidly
evolving notion of technology literacy. With these skills developed during their formative
educations, students can thrive in a world of constant change and never-ending learning. It also
supports a growing population of citizens armed with skills important for our nation’s well-being
(Varier et al., 2017).
School effectiveness and accountability has traditionally been measured by outcomes
specific to student achievement as reflected by standardized state test scores. This study attempts
to determine the effects the one-to-one initiative on student development of the 4 C skills.
Looking at the effects of the one-to-one initiative from a different perspective, provides a lens
into the effects on the non-academic, soft skills or dispositions of student learning.
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Considering the expenses associated with purchasing laptops for every student, one-toone laptop programs may very well be the most expensive educational investment to date
(Weston & Bain, 2010). The participating district spent nearly $1.5 million on the hardware
alone to outfit each student 9-12 with an iPad, case, and digital crayon (West Fargo Public
Schools, 2018). Internet access was also provided for families that reported that they did not
have access at home. This cost does not include the numerous hours of planning, set-up,
infrastructure, or training costs associated with this initiative. Still, more and more schools are
initiating or considering a move toward implementing one-to-one technology programs across
the nation. The participating districts sole goal for the one-to-one initiative is to “Create a 21st
century learning experience for all students that supports their academic literacy as well as
prepares them for college, career, and life” (West Fargo Public Schools, 2018). This goal aligns
to WFPS district strategic goals that focus on “empowering student to continuously develop,
improve, and connect 21st century skills and academic proficiency in all content areas,” along
with preparing students to “graduate ready to pursue lifelong learning, find their passion and
contribute to society” (2018, p. 2). There is a critical need to better understand the impact of
these programs on student achievement (Hansen et al., 2012; Lindroth & Bergquist, 2010). To
help determine if initiatives like these are valuable, findings from this study can contribute to the
existing body of research investigating the effects on one-to-one technology on the development
of students’ 4 C skills.
This research is of particular interest to me professionally and to the participating district
to evaluate the effects on student learning after the one-to-one initiative. This school district
spends a lot of time and effort planning and implementing strategies with our teachers to use
technology to enhance learning. These include assessments that provide students choices in how
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they demonstrate their understanding, developing student portfolios to collect artifacts and
reflections of their learning, and creating authentic learning opportunities for students to apply
their newly acquired skills in meaningful ways. It is difficult to effectively celebrate the
successes and learn from the missteps in the rapidly evolving learning environment. This district
typically measure success through grades and scores on high stakes testing. The focus on the
development of the 4 C skills is a shift in examining dispositions that have identified as crucial to
students’ 21st century learning and life-long success (P21, 2016). The focus on the 4 C skills is
aligned with the shift in the district strategic goal to empower students to develop, improve, and
connect 21st century skills continuously (West Fargo Public Schools, 2018). Previously schools
across the nation focused their efforts on preparing every student for a 4-year college path,
indifferent of the students’ intents or goals. Now schools across the US are preparing all students
to be college, career, and future ready. The goal is to provide all students with the skills
necessary to succeed in today’s workforce, no matter what path they may take to get there.
Research Ethics
Permission and IRB Approval.
The study was approved through the Institutional Review Board (IRB) of Minnesota
State University Moorhead (MSUM). See Appendix F for the MSUM IRB approval form. This
approval was completed before the start of the collection of data and successfully met the
requirements to ensure the ethical conduct of research involving human subjects was met (Mills
& Gay, 2019). Likewise, authorization to conduct this study was granted from the school district
where the research project took place (see Appendix G). Appropriate district school
administrators were aware of and in support of this study. They granted access to the district’s
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Clarity Bright Bytes data and authorized the use of the school email contacts to conduct the
survey research.
Informed Consent
Protection of human subjects participating in research was assured. Participants were
aware that this study was conducted as part of my Doctoral Degree Program. Confidentiality was
protected participant numbers (e.g., participant 0001) and no identifying information will be
collected or utilized.
Limitations
This research was conducted in one midsize Midwestern public high school. The findings
of this survey are most relevant to this school and schools with similar demographics as it will be
conducted in a single high school in North Dakota. The findings are not generalizable to other
contexts. Another limitation relates to the changing enrollment and staffing demographics of the
participant population. This includes the number of participants, involving only those who will
respond to the survey during the survey period from Bright Bytes in January of 2020 and March
of 2021 (Fraenkel et al., 2018). The return rate was high as most students and teachers resumed
classes at the start of the new year. The district targets 95% completion in staff and students for
the Clarity Technology and Learning. The changes in staffing and enrollment over the duration
of the study did not allow for the identical population pool to participate over both data
collection periods. There are also inherent limitations in the level of reflection teachers dedicate
to their responses. These may include the teachers’ level of fatigue, time, effort, and many other
factors that are beyond control. Teachers’ and students’ self-reported perceptions is also a
limitation. Lastly, due to the COVID-19 pandemic, required remote learning, hybrid instructional

Running Head: FOUR CS AND ONE-TO-ONE

25

practices, and mandatory curricular changes created a different teaching and learning experience
between year 1 and year 2 of the one-to-one technology initiative.
Conclusions
The results of this study contribute to the understanding of educator and student
perceptions of the development of the 4 C skills in 9-12th grade students after implementing a
one-to-one technology initiative. This study serves as a model for other schools planning to
implement one-to-one technology programs. One-to-one technology implementations arguably
advance the potential for developing 21st century skills, which include communication and
collaboration, critical thinking and problem solving, creativity and innovation, and the rapidly
evolving notion of technology literacy.
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CHAPTER 2
Review of Literature
Educational technology is being added to classrooms, changing education at an
unprecedented rate. This is forcing educators to constantly redesign their instruction to find the
best ways to implement these new tools and meet new challenges. Technology has changed
almost every aspect of our world and education is no exception. Webster found that “...the
pressures leaders experience to keep up with technology can result in procuring and
implementing technology without aligning technology with clear educational goals, and
essentially adopting technology for its own sake” (2017, p. 33). The study found that educational
technology leaders feel pressured to prepare students with the 21st century skills needed for their
future. This pressure pushes them to adopt technology before meaningful educational research is
available or reviewed. How can we then, as Young (2017) asks, both, justify the use of limited
resources to implement programs that have limited evidence to suggest effectiveness or afford to
stay with the status quo?
Technology in education extends beyond devices and internet access, encompassing the
use of digital tools and practices, online courses, accessories and peripherals, online assessments,
and adaptation software for students with special needs (National Science Foundation, 2018).
Collectively, these are known as instructional technology. Instructional technology includes tools
and practices using and creating technological resources to facilitate teaching and learning
(Alliance for Excellent Education, 2011). Paul Saettler, author of The Evolution of American
Educational Technology, argues that to keep up with the power of technology in education, as
well as the overarching guidelines and procedures for analyzing and matching the resources to
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educational problems and needs, we must create evolving definitions (Saettler, 2004). Saettler
offers the following definitions:
•

Educational technology is a combination of the processes and tools involved in
addressing educational needs and problems, with an emphasis on applying the
most current digital and information tools.

•

Integrating educational technology refers to the process of determining which
digital tools and which methods for implementing them are the most appropriate
responses to given educational needs and problems.

•

Instructional technology is the subset of educational technology that deals directly
with teaching and learning applications (as opposed to educational administrative
applications) (2004, p. 6).

Traditional learning environments have failed to prepare students for the 21st century
workplace (Hannon, 2012). Twenty-first century learning is focused on the development of
complex, higher-order competencies including critical thinking, problem solving, effective
communication and collaboration, creativity, and digital literacy (Silva, 2009). Development of
21st century skills is also consistent with goals of national educational policies, such as Race to
the Top and STEM initiatives. Meeting these learning goals requires a technology-rich, studentcentered learning environment (Varier et al., 2017). School districts that responded by
implementing one-to-one technologies and articulating educational goals that place students at
the center of learning have seen the most promising results (Penuel, 2006).
New findings are beginning to show evidence that one-to-one technology programs do
have the potential to make significant changes to the educational process, producing significant
gains in student achievement (Zheng et al., 2016). At a time when most studies evaluate one-to-
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one technology programs outcomes on students’ state achievement scores, their greatest benefit
may be the development of 21st century skills. Critics argue that the cost versus the benefit of
one-to-one technology programs does little to justify the investment (Hansen et al., 2012). “We
still have much to learn about how education policy can affect the domestic supply of innovators
and whether new technological innovations can improve K–12 educational outcomes” (Chatterji,
2018, p. 28). Others counter with the charge that today’s students must have ubiquitous access to
the world of information that is available with a mobile technology device and the internet
(Sauers & McLeod, 2017). Access is only the first step. This is a challenging time to be an
educator and learner. Many questions remain unanswered regarding the role of technology in
education as educators seek to assist today’s students to develop 21st century skills, in addition to
those skills that have been traditionally required for future success. For that reason, this study
will try to provide a context to evaluate the relationships between the one-to-one technology
programs and the development of 21st century skills in today’s students, including the 4 C skills
of communication, collaboration, critical-thinking, and creativity.
Previous one-to-one technology studies sought to identify correlations between the oneto-one technology programs and student academic achievements, measured through standardized
assessments. A study conducted in a rural North Dakota school found that the outcome of student
state assessments was impacted more by curriculum content and instructional practices than
directly from one-to-one technology practices. “Tests such as the NWEA MAP assessments
weigh heavily on curriculum alignment. One-to-one laptop initiatives should be recognized as a
component of instructional practices that may influence the outcome of student test scores”
(Burgad, 2008, p. 110). Burgad urged future researchers to view the implementation of a one-to-
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one technology initiative as part of a larger process than just placing devices in the hands of
students and expect increased student academic performance and achievement.(Canuel, 2010)
“Traditional assessments do not effectively measure 21st century skills” (Cancel, 2010).
Some researchers discovered that things such as higher-level thinking skills and engagement that
are not measured by most standardized assessments are actually strengthened as a result of each
student having a one-to-one technology device (Cristia et al., 2017; Serin, 2011; Spektor-Levy &
Granot-Gilat, 2012). These higher-level skills include 21st century skills, specifically the 4 C
skills of communication, collaboration, critical thinking, and creativity. One-to-one technology
offers students and teachers new ways to not only practice the 4 C stills but also measure their
application in meaningful ways including real-world challenges facing them today.
This literature review explores the history using technology to support the use of
technology in education to help understand how we got where we are today. It also examines the
funding and policies that shape the use of technology in our schools. How have these policies
changed to support the necessary shifts to be competitive in a global economy? This review
considers the new skills students need as they evolve from the role of knowledge consumers to
one that requires students to actively engage and create new knowledge. This literature review
also focuses on the 4 C skills, their classification as critical skills for learning and innovation,
and the path to become the most relevant 21st century skills. Additionally, this literature review
also focuses on the 4 C skills, their classification as critical skills for learning and innovation,
and the path to become the most relevant 21st century skills. It examines the evidence behind the
demand from colleges and employers that students develop strong communication, collaboration,
critical thinking, and creativity skills. The debate over how to assess these soft skills in
meaningful and consistent measures is also an essential task reviewed as educators and
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researchers determine best practices for assessment. One-to-one technology initiatives are as
varied as is the current research. Still, no clear or consistent findings exist to guide schools
toward effective implementations as they often raise more questions than they answer. For
example, how are the 4 C skills to be consistently measured? What factors of an implementation
such as 24/7 access to devices, grade-level, and curriculum alignment impact the student
experience? This literature review analyzes the current research on one-to-one technology
initiatives and the outcomes that have been identified regarding the impact on student learning.
One of the most frequent goals of one-to-one technology initiatives is to level the playing field
by addressing equity issues associated with student access to educational technology. Equal
access is only the first step to assure equitable learning environments for all students. Research
on how equity has been addressed through one-to-one technology initiatives, access to the
internet as part of the initiative, and role the teachers play in one-to-one technology
environments will be reviewed. Lastly, this literature review examines the most recent studies
exploring the impact of the COVID-19 pandemic on one-to-one technology programs when
students were forced to learn at a distance. This chapter concludes with a review of the
theoretical framework that guides the conceptualization and measurement of the main variables
of this study.
The History of Technology in Education
The use of technology to improve efficiency and the quality of services has grown to
saturate nearly every industry known to modern society. This includes entities in government,
military, medicine, banking, sports, farming, marketing, media, entertainment, and even social
interactions. “It is clear that educational technology is essentially the product of a great historical
stream consisting of trial and error, long practice and imitation, and sporadic manifestations of
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unusual individual creativity and persuasion” (Saettler, 2004). Technology is not new to
education. The chalkboard was a new technological tool in 1890 that allow teachers to reuse a
writing surface. In the 1920’s, radio sparked a new way of learning and educational programs
broadcast lessons over the airwaves. Overhead projectors reached the classroom in the 1930’s
and videotapes were used in classrooms beginning in 1951. Educational television began to be
used in 1958 and over 50 channels were streamed across the country into classrooms (Levin &
Hines, 2003). The new technologies kept arriving with the photocopier (1959), the handheld
calculator (1971), and the still present, Scantron machines started to automatically grade tests
beginning in 1972 (Purdue Online, 2021). Computers, as we know them today, first started
supporting teachers with computer-assisted instruction (CIA) by 1975. These programs were
often played from floppy disks in the 1980s for primarily drill and practice lessons that allowed
students to build their skills in math and reading. Students in the 1980s often recall playing the
Oregon Trail, a computer game developed by the Minnesota Educational Computing Consortium
(MECC). It was first released in 1985 for the Apple IIe and was designed to teach students about
the realities of 19th century pioneer life on the Oregon Trail (Bouchard, 2017). The number of
computers increased as integrated learning systems (ILS) were implemented in schools allowing
networks to connect computers within a school to run programs on multiple computers at once
(Saettler, 2004).
The unparalleled expansion of the Internet changed education in ways educators had
never experienced before. In 1993, the National Science Foundation (NSF) removed the
restrictions on the commercial use of the Internet (Purdue Online, 2021). By the late 1990s,
educators and students were part of the “Information Superhighway” moving from solely textbased information to information presented through graphics, multimedia, and two-way
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communication (Saettler, 2004). Beginning in 1993, the introduction of mobile technologies
emerged in the education arena and brought on another round of changes. Laptops, cell phones,
and tablet devices allowed teachers and students to untether from a wired connection to the
internet. This allowed ubiquitous computing and learning from anywhere at any time became
possible (Saettler, 2004).
Technology’s place in the U.S. educational system is an essential component of
technological innovation. As the cost of computers came down, the size of technology devices
decreased, and the availability of wireless connectivity grew, the feasibility of one-to-one
technology initiatives in the nation’s K-12 schools turned into a reality (Penuel, 2006). As of
2008, all U.S. public K–12 schools had one or more computers for instructional purposes on
campus and all public K-12 schools had internet access for those computers (Gray et al., 2010).
In 2009, 97% of K–12 public school teachers reported that they had one or more computers in
their classroom, and 69% said that they used computers during class time (Gray et al., 2010).
Mobile technologies dramatically changed the access to devices and to the internet for
both students and teachers. Mobile technology is defined as any device with internet capability
that is accessible from anywhere the user is such as cell phones, iPads, tablets and laptops. One
survey conducted in 2015 by the Project Tomorrow found that 47% of teachers reported that
their students had regular access to mobile devices in their classrooms (2015). Overall, the study
found that by 2015, only 13% of high school students reported that they had no access to
computers or mobile devices at school (2015). This study also reported on another trend with
regards to how technology changed the way students interacted with learning content. With
access to both the internet and mobile learning devices, many schools began a digital conversion
(Mooresville School District, 2009). Digital conversion refers to the process when schools
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replace some of the traditional physical textbooks and manipulatives from their classrooms with
interactive, multimedia tools. Multimedia, including video benefits some students by providing a
different dimension for engagement. Other students report that digital formats are more of a
distraction from learning. Forty-six percent of 9-12 grade students responding to the Project
Tomorrow study in 2015 said that they have moved to using online textbooks, up from 30% in
2005 (2015). Dr. Mark Edwards was the Superintendent of Mooresville Graded School District
in North Carolina. He says that when his district started their digital conversion, one history book
alone used to cost them $80 per student. With each student having a digital device to access this
content, the district now pays $33.50 per student for a much larger digital media reference library
that students can access 24/7 (Mooresville School District, 2009). Educators also report using
more academic-content videos such as YouTube and Khan Academy to augment their lessons,
with 68% reporting regular use of internet videos by 2015 (Project Tomorrow, 2016).
Funding and Policies of Technology in Education
The market for education technology was estimated to be approximately $35.8 billion in
2020, a 25% increase over 2019 (Learning Council, 2021). The response to COVID-19 can be
attributed in part to the increase in the growth of the technology market and school usage of the
available technology, something that has been growing dramatically over the past decade. One
data point and shared by Bulman and Fairlie in 2015 shows that Apple’s App Store had 170,000
different educational applications, just second to the number of gaming apps. The categories in
the app store include but are not limited to business, shopping, food and drink, fitness, travel and
lifestyle.
With the aim of identifying the possible value of technology in education, the U.S.
federal government launched a series of initiatives in the 1990s to encourage educators across the
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nation to develop a 21st century framework for education with a strong focus on technology and
its role in the future of our children. The E‑rate program, launched in 1998, budgeted at $4.276
billion in 2021 to provide schools and libraries with discounted internet access (FCC, 2021). In
2013, President Obama announced the ConnectED initiative, pledging to connect 99% of
American students to next-generation broadband and high-speed wireless in their schools and
libraries by 2018. The nation made significant progress in reaching this goal, as the percentage of
school districts with fiber-optic connections increased from 25% in 2013 to 97% in 2017 as
reflected in Figure 1 (Education Superhighway, 2017). Figure 1shows an increase of over 60% in
the total number of American classrooms with sufficient Wi-Fi connections to support mobile
learning (2017). Many states have also joined the federal efforts, taking an active role in building
a technology-rich learning environment in their states (2017).
Figure 1
Percentage of Schools with Fiber-Optic Connection

Note. Reprinted from: “Fulfilling Our Promise to America’s Students,” from Education
Superhighway, 2017, State of the States, p. 6.
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Figure 2
Percentage of Schools with Sufficient Wi-Fi in Their Classrooms

Note. Reprinted from: “Fulfilling Our Promise to America’s Students,” from Education
Superhighway, 2017, State of the States, p. 6.
Overall, education funding is higher now than it was 20 years ago. Since 2009, however,
it has declined on average (See Figure 3) (Chingos & Blagg, 2017). This coincides with the cost
of technology expenditures increasing in most schools (Saettler, 2004). One-to-one technology
initiatives, in which each student is given a device by the school to use for learning, are gaining
popularity and schools are faced with difficult choices in how they allocate their funds if they
wish to provide students with a personal device.
“Some educators are unwilling to advocate for technology funding, claiming that
teaching and learning benefits have not been clearly established and other programs that
are being cut (i.e., music, arts) are just as important. Technology advocates, on the other
hand, point out digital resources (i.e., e-books, videos) make technology use more
equivalent to the costs of other instructional materials” (2004, p. 17).
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Figure 3
Educational Funding from 1995-2015

Note. Reprinted from: How Has Education Funding Changed Over Time? by Chingos & Blagg,
2017.
Researchers Matthew Chingos and Kristin Blagg took this idea a step further to examine
what they have termed progressive funding. They defined progressivity funding as how much
more is spent on educating low-income students relative to nonpoor students (see Figure 4).
Looking at progressivity funding the researchers found that, “… education funding has generally
increased since the 1990s, yet progressivity has largely been flat, and states vary widely in how
much money they spend on education and how they distribute that money” (2017). This is an
important idea to note as not only has funding decreased overall, but it has unfairly impacted our
students relative to their income level. One-to-one technology initiatives have sold the programs
on their ability to level the playing field. Under the idea of progressivity, the funding has been
flat, meaning something is not being funded as one-to-one initiatives are launched. There is

Running Head: FOUR CS AND ONE-TO-ONE

37

currently no research which examines how funding one-to-one initiatives impacts the other
services no longer funded or identifies what those services were to measure the loss.
Figure 4
Educational Progressivity Funding 1995-2015

Note. Reprinted from: How Has Education Funding Changed Over Time? by Chingos & Blagg,
2017. The progressivity of school funding was measured as a ratio. A ratio of 1.0 means funding
is equal for poor and nonpoor students; a number above 1.0 means funding is progressive; a
number below 1.0 means funding is regressive. An estimate of 1.1, for example, would imply
that on average poor students attend districts that receive 10 percent more in per-student funding
than the districts nonpoor students attend.
The requirements of the No Child Left Behind (NCLB) Act of 2001 was the beginning of
federal pressure on schools to meet “Adequate Yearly Progress (AYP),” as the way to
demonstrate that they were effective schools. All content areas and states had skill standards that
students needed to meet (Saettler, 2004). High-stakes tests on content standards are used to
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determine successful AYP. This pushed teachers away from integrating technology as the focus
shifted to earning high test scores.
“Though NCLB was modified when the Elementary and Secondary Education Act
(ESEA) was re-authorized, the accountability movement remained strong and drove a
trend toward using technology in ways that help teachers and students pass tests and meet
required standards, rather than to support more innovative teaching strategies” (Saettler,
2004, p. 17).
NCLB was modified when the Elementary and Secondary Education Act (ESEA) was reauthorized in 2015 by President Obama and renamed Every Child Succeeds Act (ESSA)
(Education Trust, 2015). While teacher-directed uses of technology have been shown to be
effective for addressing content standards, many educators disagree (Saettler, 2004). “Inquirybased, constructivist methods are considered more modern and innovative, but it is less clear
how they address standards required to demonstrate teacher and student accountability” (Saettler,
2004, p. 17). Constructivist and inquiry-based methods are not new to education. Constructivist
and critical theories anchor the inquiry-based method of teaching for more than a decade.
Constructivist theory assumes that learning is an active process (Dewey, 1938; Freire, 1970)
when a student is not a receiver of information and expected recite the information back at the
end of the semester. Constructivist theory suggests that students must actively participate in the
construction of knowledge. “It argues that the learning process should afford students with an
experience, grounded in reality, that compels them to examine, form, and modify their values
and belief systems” (Mthethwa-Sommers, 2010, p. 55). Technology is creating new and
authentic ways for students to construct their knowledge with interactive tools and a global
audience.
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Likewise, the 4 C skills are not new to education, nor are they only taught in technologyrich environments. Levin-Goldberg (2012) stress the crossroad that education finds itself. The
pedagogical practices are being outpaced by the speed of technological advancements, paired
with the necessary skills students need to be competitive in a global economy.
“Cultivating and fostering 21st century skills in all educational environments- utilizing
technology as the conduit- has the potential to generate employable, productive global
citizens and, in essence, redeem America as a leading educational beacon and producer of
extraordinary 21st century talents” (Levin-Goldberg, 2012, p. 60).
The Conference Board (2011) noted that employers hold schools accountable for the student
deficiencies. The employees they surveyed reported that there is a disconnect between what
schools teach and what companies need. They observed that 83% of executives felt that it is the
school’s responsibility to instill creativity and innovation. “Work readiness is no longer about the
three Rs (i.e., reading, writing, and arithmetic); now it’s also about turning information into
knowledge through Web searching and vetting” (Gordon, 2011, p. 1). Employers shared that
even with the prevalence of online interactions, new graduates lack the skills necessary to
communicate and collaborate in a professional online environment. Levin-Goldberg encourages
educators to embrace and integrate technology into its pedagogy and curriculum instead of
viewing technology as a threat to traditional educational approaches. “Educators have a civic and
academic responsibility to teach students the 4 C’s where utilizing technology provides a logical,
efficient means to better prepare learners for global citizenry” (2012, p. 63).
21st Century Skills in Education
Historically, education was founded on the acquisition of knowledge (i.e., memorization
and repetition) where student were the consumers. Today’s students are being required to not
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only know about the subject at hand, but also to apply the information in new situations, think
critically about the information, apply it in real-world situations, and evaluate the
appropriateness (Bereiter & Scardamalia, 2006). This is happening at an early age as access to
more and more information is available for them to access and analyze. They must now learn
how to be make sense of the information and all students are now expected to be good problem
solvers and knowledge builders throughout their K-12 education (2006). Most information can
be quickly looked up online but knowing how to critically analyze that information is more
difficult, requiring higher-order thinking skills, essential ability for today’s students.
With growing concerns over the quality of public schools along with the findings that
nearly 40 percent of high school graduates feel unprepared for college or the workforce, the
consensus among those involved in education feel schools need to help students develop the
necessary skills and knowledge required to contribute in today’s world (Hanover Research,
2011). According to the Partnership for 21st Century Skills, “There is a growing consensus
among policymakers, elected officials, business people, K-12 and postsecondary educators,
philanthropists, parents, students, and the public that American high schools are not successfully
preparing all students for success in the 21st century” (2011, p. 2). Prior to the 21st century,
education focused on preparing students to gather content and knowledge. These skills focused
on literacy and numeracy skills in order to accumulate information (Care & Anderson, 2016). As
technology made access to information and technology ubiquitous, educations systems began to
make a shift to providing students with no only with the cognitive skills but also on the
interdisciplinary connections to put that knowledge into practice and dig deeper (Brynjolfsson &
McAfee, 2016).
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Michael Zimmerman shared a thought from E.O. Wilson in 1998 that rings even more true
today:
“We are drowning in information, while starving for wisdom. The world henceforth will
be run by synthesizers, people able to put together the right information at the right time,
think critically about it, and make important choices wisely” (2016, p. 10).
In 1998, Google had 26 million pages indexed. Today there are hundreds of billions and
counting (Google, 2021). Zimmerman stressed that there is no doubt that the role of education
has changed dramatically since the advent of the digital age. “What’s absolutely essential in
today’s world is being able to sort through the different types of data, separating the real from the
bogus. Problem solvers must have the ability to cross disciplines and bring divergent viewpoints
into focus” (2016, p. 10).
A number of parties collaborated on the work for the shift from information memorizers
to information creators, including the U.S. Secretary of Labor’s Commission on Achieving
Necessary skills, the Partnership for 21st Century Learning, the Organization for Economic
Cooperation and Development, the American Association of College and Universities,
Massachusetts Institute of Technology (MIT), among others (Jenkins et al., 2007). One of the
findings from this work was the idea that the ‘three Rs’ (i.e., reading, writing, and arithmetic)
were still foundational needs, but the new workforce needed students with the ability to
collaborate and think critically. They also identified that problem solving and communication
skills were foundational to support the U.S. economy (P21, 2016). American Management
Association (2019) reported that three out of four (75.7%) executives who responded to their
survey said that they believe that the 4 C skills will become more important to their organizations
in the next three to five years, particularly as the economy improves and organizations look to
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grow. They believe these skills are taking on critical importance in the business environment due
to the pace of change in business today as the leading cause (91%) , followed by global
competitiveness (86.5%), the nature of how work is accomplished today (77.5%), and the way
organizations are structured (66.3%).
Educational technologies today are continuously changing. This challenges students and
teachers to master a wide range of competencies often referred to collectively as 21 st century
skills (Silber‐Varod et al., 2019). The skills and competencies that are generally considered “21st
century skills’ are varied but share some common themes. The National Research Council’s
committee on Defining Deeper Learning and 21st Century Skills proposed a comprehensive
model of the 21st century skills with the hope of advancing research on the teaching and learning
of these skills (2019). They developed a model that categorized the 21st century competencies
into three major clusters: (a) cognitive competencies, (b) interpersonal competencies, and (c)
intrapersonal competencies. These competencies are categorized as: 1) cognitive competenciescognitive processes and strategies, knowledge, and creativity; 2) intrapersonal competenciesintellectual openness, work ethic/conscientiousness, and positive core self-evaluation and 3)
interpersonal competencies - teamwork and collaboration, leadership. Researchers analyzed how
these competencies have shifted over time to transform into seven competencies: 1)
communication, 2) collaboration, 3) critical thinking, 4) creativity, 5) information literacy, 6)
problem-solving, and 7) social-emotional skills (Silber‐Varod et al., 2019). The National
Research Council’s committee concluded that even though these skills are considered essential,
by the second half of the 21st century, educational skills on these competencies are still marginal
and their research should be a wake-up call to further investigate the 21st century skills (2019).
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One example the researcher points out is that of collaboration.
“As a substantial learning skill, it was moderately studied before 2000. Although the
emergence of learning technologies and tools changed how and in what scope
collaborating can be applied in education, the results show that despite the growing
interest in the term per se, its skills context is marginal” (Silber‐Varod et al., 2019, p. 17)
The findings of this study further suggest the lack of pedagogical research on digital literacy
skills and suggest a need for research that would improve how students and teachers manage the
rapidly changing educational technologies There are a number of students that do well in school
but go on to lack the skills necessary to succeed in the workforce. Gordon stresses that, “…they
[future employees] should be skillful not merely at typing a Word document but also at telling a
compelling story through an interactive multimedia presentation” (2011, p. 10). Levin-Goldberg
shared that employers need workers that can not only communicate but understand that before
composing a message, they must define what needs to be stated, identify the target audience,
decide what the reader needs to know, determine what specifically should be communicated, and
determine how to deliver it.
“They may appear to succeed in highly controlled, assessment-driven environment but
struggle when left to their own devices in university, or when looking for a job. The 21 st
century requires people to be lifelong learners (because technology, politics, economics,
and the environment are changing so quickly), and this demands a shift way from being
‘schooled’, to engagement in leaning.” (Hannon, 2012, p. 1).
Hannon (2012) found that the pressures of the 21st century demand not only a new range of
skills, but also a new range of literacies. These literacies are areas that students need to be able to
both understand and express themselves. Hannon found that this will only happen with
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significant shifts in pedagogy, curriculum and assessment, and a focus on developing life-long
learners.
The 4 C Skills
The 4 C skills are one of many proposed sets of skills and competencies defined by
several organizations that attempt to identify 21st century readiness. These include “global
competence” (Mansilla & Jackson, 2011), “global citizenship” (OXFAM, 2015), “intercultural
competence” (UNESCO, 2013), and “the 21st century Framework” (P21, 2019). However the 4
Cs are the most cited skills for “developing critical thinking, problem solving, and participatory
skills to become engaged citizens” (NCSS, 2017) among the various frameworks. They are also
included in the most in-demand skills required for the diverse workplaces of the future as
projected by international research surveys (World Bank, 2019). The need for these skills are not
only necessary for US employees but also necessary for any country’s workforce wanting to be
competitive in the global economy.
The Partnership for 21st Century Skills (P21) reports that it is trying to bring together the
business community, educational leaders, and policymakers to solidify 21st century skills at the
core of K-12 education in the U.S. (Guo & Woulfin, 2016). P21 is a national consortium of
private companies, nonprofit organizations, and state departments of education. Their goal is to
encourage schools to improve the preparedness of students upon high school graduation. The
Partnership for 21st Century Skills is an organization that was formed in 2002 in the USA out of
concern that American education was failing graduates because they were graduating without the
skills needed to be productive citizens in the Digital Economy (Kivunja, 2015). P21 developed
the Framework for 21st Century Learning which identified the 21st century skills they deemed
most important for K-12 education (P21, 2016). P21 argues that there are three ideas that show
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why schools must adapt broader and updated standards for student success. The first is that 21st
century skills are different and extend beyond the traditional ways of measuring high school
success. Second, they also feel that schools need to redefine rigor to include 21 st century skills
and content. Lastly, they argue that 21st century skills must be combined with traditional
academic content for truly effective high schools (Hanover Research, 2011). “U.S. schools must
align classroom environments with the real world environments” (Guo & Woulfin, 2016, p. 153).
This can help students learn to apply their knowledge in authentic environments to address realworld problems.
P21 categorized the 21st century skills into three critical types: (a) Life & Career Skills,
(b) Learning and Innovation Skills – 4 Cs, and (c) Information, Media, & Technology Skills (see
Figure 5).
Figure 5
P21 Framework for 21st Century Learning

Note. Reprinted from: Battelle for Kids, 2021.
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The P21’s Rainbow graphic highlights the key elements of 21st century learning. It
represents both 21st century student outcomes, represented by the arches of the rainbow, and
21st century learning support systems, represented by the pools at the bottom. The four sets of
21st century student outcomes are show as the foundational boxes at the base, are categorized as
standards and assessments, curriculum and instruction, professional development and learning
environments. The 4 C ‘super skills’ are positioned at the apex of the graphic to represent their
essential role in the success of students entering the workforce (Kivunja, 2015).
“As economies increasingly globalize and digital technologies assume ubiquitous
presence and functional utility in peoples’ lives outside educational contexts, there is an
increasing realization among pedagogues that education designed to equip graduates of
the Digital Economy requires the teaching of new skills rather than the traditional core
subjects. These skills are epitomized in what The Partnership for 21st Century Skills calls
the Framework for 21st Century Skills” (Kivunja, 2015, p. 224).
These skills have been used by thousands of educators over the last 20 years to
implement the structures necessary for 21st century learning outcomes (Battelle for Kids, 2021).
The partnership focused on four specific deeper learning competencies and skills that have
become known as the “Four Cs”— communication, collaboration, critical thinking, and
creativity. Former National Education Association president John Stocks shared that:
“Using the ‘Four Cs’ to engage students is imperative. As educators prepare
students for this new global society, teaching the core content subjects—math, social
studies, the arts— must be enhanced by incorporating critical thinking, communication,
collaboration, and creativity. We need new tools to support classroom teachers and
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education support professionals in their profession, even as they implement new
strategies in their classrooms”. (2016, p. 3)
The American Management Association conducted a study in 2010 that found the “Four Cs” will
become even more important to organizations in the future (AMA, 2019). They found that 80
percent of executives believe implementing the traditional three Rs (i.e., reading, writing and
arithmetic) with the 4 Cs (i.e., Communication, Collaboration, Critical Thinking, Creativity)
would guarantee that students are better prepared to enter the workforce. “According to these
managers, proficiency in reading, writing, and arithmetic is not sufficient if employees are
unable to think critically, solve problems, collaborate, or communicate effectively” (2019, p. 5).
Economists have argued US productivity growth depends on the knowledge intensive sectors of
the economy, which will increasingly require skilled workers to invent and use new
technologies. Deming (Deming, 2017) finds that between 1980 and 2012, jobs with high social
(soft) skill requirements increased by 10 percentage points. This demand for workers with these
skills has been increasing in the 21st century, as businesses shift from investing in production
activities to nonproduction activities (Chatterji, 2018). Chatterjee notes that this change will
require future workers to possess 21st century skills. “K–12 education could offer a particularly
advantageous setting to develop these skills provided that we can develop evidence-based
practices” (p. 35). The 4 C skills are defined below to help understand their meaning in the
context of one-to-one technology integration.
Communication
Communication is an essential skill for students to be able to share their voice not only in
person, but also when communicating online and with a global audience. Communication is
about sharing thoughts, questions, ideas, and solutions. Students must learn what and with whom
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to communicate in a safe and responsible manner (Dowd, 2017). Competent communicators are
needed to contribute to the effectiveness of problem solving in a group or business environment
(Boss, 2013). Technology has both made communication easier and harder as new
communication tools are constantly being developed, creating an overwhelming situation for
many. “Communication can become more about the tech being used than the message you are
trying to send” (Pakizer, 2016, p. 1). Without effective communication skills, it is very hard to
succeed in school or in the world after leaving the classroom. the participating district’s Profile
of a Graduate (See Appendix C) envisions communications as a practice in which learners
connect and share ideas, select an appropriate format to express thoughts and ideas with
integrity, and appropriate digital citizenship. The highest level of this skill, talented, will be
demonstrated by students that can, “analyze and synthesize to support claims; use digital media
to produce and publish written and oral presentations for a diverse audience” (West Fargo Public
Schools, 2020).
Collaboration
In an increasingly diverse world and global economy, connecting with others allows us to
develop new perspectives and deeper knowledge of the world around us. Learning from and with
others happens more often today than ever before with the online tools such as Twitter and Zoom
(Dowd, 2017). Pakizer (2016) argues that technology has taken collaboration a step further by
creating many new ways to collaborate. Like communication, the increase in tools to collaborate
requires students to master the skills so they do not get lost in the numerous collaboration tools.
The ability to collaborate by engaging with others in multiple ways prepares students for work in
a global economy as the interconnectedness of today’s workplace has expanded beyond face-toface work to one free of time and location confines of the past. Collaboration allows student to
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take on responsibilities, be part of a team, and respect others (Budiarti et al., 2021). Budiarti
found that working collaboratively can enhance the quality of relationships among students and
relationship between teacher and student” (2021, p. 37). Webb (1993) also found that after
collaborating with others, a student’s performance on later, related tasks completed alone tend to
be higher than the performance of similar-ability students who only worked alone. Therefore,
engaging in collaborative learning with classmates can have lasting effects on student learning.
The participating school’s Profile of a Graduate (See Appendix C) envisions collaboration as a
skill where students work together, resolving controversy and conflict through respectful
negotiation. thoughts and ideas with integrity, and appropriate digital citizenship. The highest
level of this skill, talented, will be demonstrated by students that can, “show leadership and
initiative as a contributing global citizen; act on constructive feedback” (West Fargo Public
Schools, 2020).
Critical Thinking
Critical thinking is defined as “the ability to define a problem, propose a solution,
implement the solution, and evaluate the outcome” (Bransford, 1986, p. 1). Critical thinking has
been essential in nearly every profession for centuries (Pakizer, 2016). Technology has increased
the need for critical thinkers as menial tasks such as rote memorization are no longer necessary,
requiring more complect thinking skills. Pakizer reminds us that, “in order to succeed in the 21st
century, you have to remember that, no matter how high tech the machine, it’s useless without a
person telling it what to do and thinking critically about the results” (2016, p. 2) Born reported
that there is also a strong relationship between students’ involvement in democratic activities and
their ability to think critically when engaged in project and issue-based learning (Bron, 2014). In
an age of an overwhelming amount of information available at our fingertips, it is essential for
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students to know how to evaluate sources and make decisions about how and when to use that
information (Dowd, 2017). The participating district’s Profile of a Graduate (See Appendix C)
envisions critical thinking as a skill demonstrated by systematically go beyond knowledge
reproduction to reason, organize, summarize, interpret, analyze, and synthesize information in
ways that generate new understanding. The highest level of this skill, talented, will be exhibited
by students that can, “use systems thinking to analyze and synthesize complex information and
construct an argument” (West Fargo Public Schools, 2020).
Creativity
Schools are no longer one of the only places to acquire new knowledge. Students can find
information about nearly any topic online in minutes. The challenge for schools is to help
students move from information consumers to information creators. Being able to contribute to
the digital age requires students to be creative (Dowd, 2017). Students must be able to create
relevant and authentic information that can be presented to a global audience in multiple ways. A
study by Sternberg found that, “…creativity measures significantly predict first-year colleges
students’ grade point averages (GPA) above and beyond high school GPS and SAT scores”
(2006, p. 346). The measures for creativity included cartoons, oral stories, written stories, verbal
expression, performance, and Lexile skills. Students should be able to, “…act on creative ideas
to make a tangible and useful contribution to the field in which the innovation will occur” (P21,
2019, p. 4). Lubart and Guignard (2004) argue that as technological advances continue, people
will be required to think in divergent and creative ways to address new types of problems.
“Creativity allows students to try new ways to get things done. With the help of technology,
those options are virtually unlimited (Pakizer, 2016). The participating district’s Profile of a
Graduate (See Appendix C) envisions creativity as a skill in which learners take risks to develop
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and revise ideas. The highest level of this skill, talented, will be exhibited by students that can,
“act innovatively to impact the local, regional or global community” (West Fargo Public
Schools, 2020).
Assessing the 4 C Skills
With the focus on 21st century skills in the K-12 curriculum and instruction, there is an
increased need to find a way to assess students’ competencies in these skills on a larger and
consistent scale. The Partnership for the Assessment of Readiness for College and Careers
(PARCC) deems assessment tasks must ‘measure rigorous content and students’ ability to apply
that content’. These tasks, PARCC believe, will prompt complex demonstrations of learning and
measure knowledge and skills necessary to succeed in college and 21st century careers. PARCC
advocates that the development of these skills will, “…send a strong, clear signal to educators
about the kinds of instruction and types of performances needed for students to demonstrate
college and career readiness” (PARCC, 2010, p. 35).
Hard skills (i.e., writing, math, programming) are more cognitive, more easily teachable,
and easier to assess, as opposed to soft skills (i.e., collaboration, critical thinking, creativity)
(Devedzic et al., 2018). “Teachers can easily recognize students’ soft skills in class and in other
situations, but they typically judge them subjectively, intuitively and subconsciously” (2018, p.
283). Devedzic et al., (2018) found that not only are soft skills are hard to measure, it is also very
hard to define a metrics for assessing these skills. While there are different initiatives working to
develop assessment methodologies for measuring soft skills, the researchers found it difficult to
find examples of concrete metrics for soft skills and accounts for how these metrics are used in
practical assessments.
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Performance-based assessments can measure what standardized multiple-choice
assessments cannot measure (Carreker, 2021). They do allow teachers to see and hear students
apply their 4 C skills through their communication, collaboration, critical-thinking, and creativity
demonstrated throughout the performance tasks. This allows students to use or apply the
knowledge they acquire through the completion of a task or the creation of a product. “These
assessments reflect and influence instruction and learning, provide learning experiences that are
not always offered to historically underserved students, and tap into the higher-order thinking
skills that prepare students for higher education and 21st century careers” (Cook-Harvey et al.,
2016, p. 6).
Finding ways to assess the 4 C skills are being developed based on the Common Core
standards, emphasizing the critical thinking and communication skills, while AP exams
emphasize critical thinking, problem solving, and applied knowledge (P21, 2016). This is
pushing schools to incorporate the 4 Cs into their curriculum, often through the use of
technology tools. “While critical thinking, collaboration, communication, and creativity can all
be taught in a low-tech environment, 21st century students need to harness technology to be
effective problem solvers, collaborators, communicators, and creators” (2016, p. 32).
One-to-One Technology in Education
Twenty-first century learning is focused on the development of complex, higher-order
competencies including communication, collaboration, critical thinking, and creativity (Silva,
2009). Development of these 21st century skills and technological proficiency is consistent with
goals of national educational policies such as Race to the Top (Dragoset, 2016). School districts
have responded by implementing one-to-one technology and formulating educational goals that
place students at the center of learning and instruction (Penuel, 2006). Schools across the United
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States are turning to technology, most recently one-to-one initiatives, as a means to achieving
their goals of promoting 21st century learning (Varier et al., 2017). P21 reminds us that there are
plenty of learning skills that have nothing to do with technology. They describe 21st century
tools (i.e., computers, telecommunications, and multimedia) as critical components of learning in
several situations, along with the fact that the information age that has resulted from the
widespread adoption of such tools. An emphasis on information and communication technology
literacy skills requires students to make sense of it all, most often through the use of new
technology tools (Salpeter, 2008). The first iPads were launched in 2010 as schools began
experimenting with providing a device for every student (Bruneau, 2015). The development of
the iPad has allowed for more schools to attempt the one-to-one technology initiatives with
smaller and cheaper options. Apple reported over 1,000 one-to-one projects in the U.S. in 2012.
By 2013 there were 8 million iPads purchased for use in educational institutions worldwide
(Hazelton, 2013). Project Tomorrow (2018) reported that 60% of school principals surveyed said
that their schools have adopted one-to-one mobile device programs, an increase of 9% in one
year.
One-to-one technology initiatives vary from school to school. The type of device that
schools use, the grade levels that are provided devices, the different tasks allowed to be
performed on the device, the inclusion of internet access 24/7, and the variables continue. Bebell
and Kay (2010) defined one-to-one initiatives in education as “..the practice in which educational
institutions, issue each of their registered students a computing device, such as a laptop or tablet,
in order for the students to access the Internet, digital course materials, and digital textbooks”
(2010, p. 6). One-to-one programs are markedly different from earlier student technology
programs as they allow students to take ownership and personalize their learning, while allowing
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them to extend their learning environment beyond the classroom (2010). One-to-one technology
initiatives became a reality when technology costs decreased, and the availability of mobile
learning increased. Findings from a study by Lei and Zhao (2008) found that regardless of the
specific device, opportunities exist to enhance 21st century skills as long as students have access
to the tools they need wherever they are working. The extent to which devices were used to
develop these skills varied based on the school, grade level, complexity, and depth with which
the devices were integrated.
The one-to-one technology initiative has changed the way students learn, from being
passive knowledge receivers to becoming active knowledge seekers and constructors (Holen et
al., 2017b).“With one-to-one, the teacher isn’t the only one with answers. Therefore, giving a
tool for the students to be able to access more resources than what the teachers could give them
reduced the teachers’ roles and responsibilities as information providers” (2017b, p. 36). Hannon
reminds us that while finding the right device for a learning environment is important, it is more
important to remember that even the best technology by itself cannot transform a learning
environment alone (2012).
The Impact of One-to-One Technology in Education
The rapid expansion of technology resources in schools is also occurring at a time of
comparable growth in school accountability for raising student achievement, demands on
teachers for balancing student well-being and performance expectations, and parent and
community activism in education (Ross, 2020). Ross’ review of current research on technology
integration reflected a tension among educational researchers and policy experts regarding what
constitutes meaningful evidence of technology effectiveness. Hull and Duch (2019) studied a
digital conversion initiative in North Carolina and found that in spite of its promise, the
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evaluation of programs to increase the presence of computer technology inn schools and at home
yielded mixed results in student achievement. “Theoretically speaking, the predicted effect of
increased computer use is ambiguous because the prediction depends on the activities that
computer use replaces” (p. 79). They found that students used their devices to conduct research
and complete assignments more efficiently but also reported that students were distracted from
educational efforts by the ease of access to gaming and social networking. Chatterji (2018)
confirmed that implementation may be the overlooked key to effectiveness. “Researchers have
offered several explanations for this apparent disconnect between the promise of technology and
mixed empirical results. One rationale, supported by qualitative assessments, is that fidelity of
implementation is the key barrier” (2018, p. 34). She states that the technologies could be having
a positive effect, but not on the skills that can be tested using traditional methods. “For example,
technology adoption by schools might result in a higher level of technological fluency that might
benefit students later in life, even if it does not directly affect test scores” (p. 35).
Similarly, Hull and Duch (2019) found it may be too early to truly evaluate the impact of
the one-to-one programs effectively. Their study is one of the first to investigate the impact of
test scores after one-to-one program implementations on a large scale over a period of more than
3 years. They revealed that although short-term impacts were statistically insignificant, the
results were generally more positive as the length of time that the devices were used increased.
The results of their study provided new evidence that one-to-one technology programs may not
alone be an effective means to raise student achievement. Their study was not able to identify
other factors that could have affected the student outcomes. “However, there may be a short-term
adjustment period before gains are realized. Although one-to-one programs are expensive, the
effect sizes estimated here are large enough that they may still pass a cost–benefit test” (Hull &
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Duch, 2019, p. 80). The Mooresville school district that they studied was able to cover the cost
of their program with its operating budget, suggesting this may be possible for other districts to
implement without tapping into outside funding. These researchers concluded that one-to-one
mobile technology is a promising opportunity to bring about positive changes in student
outcomes but that the desired effects may not appear until a few years after the transition to oneto-one computing. Ferguson (2017) also learned that improvement in student performance with
technology cannot be accomplished in a short period of time. “Students need time to make the
adjustment to using this type of technology and it might take several years to do this” (2017, p.
1156).
Cuban (2006) claimed that computers in education are often oversold and underused.
Considered a technology education historian, Cuban has strong stance that technology will not be
an impactful change to the long-standing conservative norms of education. Zheng et al. (2016)
countered that one-to-one technology in school environments are indeed reshaping many aspects
of education in the K-12 environment. The changes they noted in their study included that oneto-one technology outcomes that were not necessarily part of the anticipated goals but were
positive changes. They found more student-centered, individualized and project-based
instruction; enhanced student engagement; and improved teacher-student and home school
relationships. While their study reported increased academic achievement in math, science,
writing and English, the most surprising findings were the non-academic outcomes that occurred
after one-to-one technology initiatives were implemented (2006).
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Project Tomorrow (2019) urges schools to take the necessary time to document the true
outcomes of technology initiatives.
“When forced to identify impact too soon in the implementation process, engagement
personified by “shiny eyes and smiling faces” is easier to document then other student
outcomes that may still be developing based upon teachers’ overall effectiveness with the
tools.” (2019, p. 7)
Their study found that in a rush to show the value of technology programs, many schools pushed
to identify tangible outcomes before teachers have been able to integrate the tools into their
curriculum. Policymakers and educators struggle to make effective use of technologies that are
ever-changing. They are often forced to rely on word of mouth or industry reports as solid
research that is designed for objective and replicable findings does not exist (Sell et al., 2012).
Sell et al., discovered that “…there is often a significant delay in the availability of research to
assess the impact of a particular technology implemented in education settings” (2012, p. 1). The
challenge faced by both educators and researcher regarding one-to-one technology initiatives is
that there are inherent limitations present as the research reflects numerous variations in tools,
environment, context, instructional practices, and technology.
In 2019, McFarlane conducted a comprehensive analysis of educational technology
research and concluded that:
…the evidence base so far does not support the argument that computer use
in schools (or use of computers out of schools) correlates with significantly
improved results in current high stakes assessment… This then raises the question
of whether the theoretical value of digital technologies to support current
educational attainment can in fact be realized, and if so, what conditions need
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to exist for this to occur. Can students who use an investigative, collaborative
approach to subject based learning, using digital resources and tools, guided by
a knowledgeable teacher well versed in the appropriate pedagogies, do as well or
better than their peers who experience a didactic (tell and practice), paper-based
curriculum? (2019, p. 15)
What factors can change a school culture? Zheng et al. (2016) sought to determine what
the broader one-to-one technology program impacts were on teaching and learning processes,
teacher and student perceptions, and other learning outcomes, including student soft skills.
(2016). They conducted a meta-analysis study to identify what non-academic outcomes were
reported in existing technology integration programs. They found a wide-scale belief among
educators that the outcomes measured by today’s standardized tests do not fully capture the kinds
of thinking and learning skills required for a knowledge economy (Grimes & Warschauer, 2008).
Zheng et al. also noted that many view one-to-one technology programs as a fertile
ground for developing broader 21st century learning skills (Bernard et al., 2007; Russell et al.,
2004). Several studies reviewed by Zheng et al. (2016) suggested that “…laptop environments
promoted students’ learning autonomy, improving their individual and collaborative learning
skills, including the ability to independently organize and maintain their schoolwork” (p. 1073).
Hull and Duch (2019) also discovered something else that might be behind the mixed
results on one-to-one technology outcomes, that being the idea of second order change. This is a
term used by a superintendent, Mark Edwards, involved in the Digital Conversion Initiative in
North Carolina. Edwards said the first-order change was giving every student a personal
technology device. Second order change follows and involves a deeper level of transformation.
This suggests a two-step process. First, students and teacher are given a one-to-one device to use
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to support their learning. This usually starts with using the device to do familiar tasks with a new
tool. Second, schools begin to transform the way students learn and teacher instruct as they
embrace the opportunities created by the technology implementation. This is where students go
beyond the substitution of doing things the same way with a new tool to working toward
transforming how they learn. Edwards feels that the digital conversion supports second-order
change by enabling a fundamental shift across all aspects of daily life in schools. “It affects
instruction, pedagogy, professional development, student and teacher motivation, student-teacher
roles, learning experiences, and relationships” (Edwards as cited by Hull & Duch, 2019, p. 95).
Hull and Dutch concluded that a focus on changing a district’s culture must accompany a one-toone implementation if the expected outcomes are to be realized.
Lei and Zhao (2008) found that school districts are increasingly adopting educational
goals to promote 21st century skills of enhanced collaboration, communication, creativity, digital
literacy, and self-directed learning. Varier et al., (2017) focused on how teachers and students
used technology devices in the classroom to create a student-centered learning environment with
the purpose of developing 21st century skills in an effort to inform a school district’s decisions
about full implementation of 1:1 technology. Participants experienced a shift toward studentcentered learning, and that the devices supported student-directed learning, increased peer-peer
and teacher communication, and collaboration. They found that regardless of the specific device,
opportunities existed to enhance 21st century skills for students inside and outside of the
classroom.
Equity and Access of Technology in Education
One of the challenges in preparing students with 21st century skills is the disparity in
students’ ability to access technology (i.e., digital divide) (Compaine, 2001; Spector, 2012). One-
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to-one technology initiatives that provide every student with equal access to technological
devices and internet services not only serve a social justice purpose, but also prepare more
technologically competent students for the future workforce by including the disadvantaged
student populations (Holen et al., 2017a). Lower socioeconomic schools are underrepresented in
the one-to-one technology programs and when the lower socioeconomic schools do have the
one-to-one environment, the technology is more often used for lower level tasks like drill and
practice (Bruneau, 2015). Warschauer (2007) observed some teachers in lower socioeconomic
schools did use the computers to foster critical inquiry; but at a far less frequency than in highincome communities and rarely in less affluent locations.
Inequitable access to technology among students with different socioeconomic
backgrounds has been identified as one of the major challenges that one-to-one technology
initiatives hope to address. “One of the challenges in preparing students for this 21 st century
competence is the disparity in students’ ability to access technology” (Holen et al., 2017b, p. 24).
Forty-eight percent of school site administrators say that equitable access to technology is a
major concern for them when planning for digital learning (Project Tomorrow & Evans, 2019).
Project Tomorrow’s 2019 Speak Up survey results showed 13% of students in grades 6-12 say
they sometimes cannot do homework or schoolwork due to a lack of technology access outside
of school. The lack of access to technology outside of school has been termed the ‘Homework
Gap,’ project Tomorrow’s study shows that is down from 20% of students in 2015, but still 1 in
8 students who cannot complete their schoolwork due to lack of access.
“Additionally, given that learning today is really a 24/7 enterprise with access to an
abundance of learning resources online, students who lack out of school access are also
most likely not participating in the rich self-directed learning experiences enjoyed by
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students with appropriate connectivity at home.” (Project Tomorrow & Evans, 2019, p.
10)
Many school districts feel a responsibility to address the homework gap issue and hope that oneto-one technology initiatives will fill that gap. But as digital learning becomes more
commonplace in the classroom, the expectation for students to have regular connectivity outside
of school is becoming more critical (2019). Shown in Figure 6, several new solutions have been
adopted by districts over the past few years. Project Tomorrow found that four times more
districts have implemented Wi-Fi hotspots on their school buses between 2013-2018, providing
an environment for students to access the Internet on their way to and from school now. They
also found that twice as many districts say they are loaning Wi-Fi hotspots for students to use
home to provide internet connectivity.
Figure 6
School District Solutions for the Homework Gap

Note. Reprinted from: “Digital Learning: Peril or Promise for Our K-12 Students” by Evans,
Julie, 2016, Project Tomorrow, p. 11. (https://tomorrow.org/Speakup/speakup2018-19-DigitalLearning-Peril-or-Promise-october2019.html)
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Locally the number of households without access to any type of technology device and/or
internet access is lower than the national average as shown in Table 1. Since the American
Community Survey (ACS) began collecting data in 2016, home internet access increased 5% by
2019, showing progress is being made, even though it is slow and still leaves some students
without any access (Irwin et al., 2021).

Table 1
National and Regional Computer and Internet Access per Household

Note. Data in this table are from the American Community Survey (ACS) and may differ from
those shown in tables based on the Current Population Survey (CPS). Although the ACS
conducts sample surveys of the entire population residing within the United States, this table
includes only the population living in households; it excludes persons living in institutionalized
group quarters (e.g., prisons or nursing facilities) and those living in noninstitutionalized group
quarters (e.g., college or military housing). Detail may not sum to totals because of rounding.
SOURCE: U.S. Department of Commerce, Census Bureau, American Community Survey
(ACS), 2018. (This table was prepared February 2020.)
By September of 2020, the Conditions of education 2021 report showed both the
percentage of adults reporting that their child’s school provided computers and paid for internet
access was generally higher than in the previous year as shown in Figure 7. Nearly 15% more
homes reported school or district provided internet by 2020 in the two lowest household income
categories (Less than $25,000 and $25,000 to $49,000) (Irwin et al., 2021).
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Figure 7
Computer and Internet Access by Household Income

Wyoming established itself as a leader in expanding internet access. By 2016, the
sparsely populated rural state (much like North Dakota) met the goal of proving broadband
access to 100% of its school districts (Learning Policy Institute, 2020). They credit their success
to a statewide education technology plan with the goal of ensuring that every child has internet
access (2020). Learning Policy Institute authors Cookson, Darling-Hammond, and Edgerton
reflected on the fact that is has been nearly a century ago since our current educational system
was established to implement a mass education on an assembly-line model. “It was organized to
prepare students for their place in life – judgements that were enacted within contexts of deepseated racial, ethical, economic, and cultural prejudices” (2020, p. 9). Without the disruption to
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education caused by the pandemic, the opportunity to reinvent education and set a goal with a
concrete plan to achieve it, the authors feel we will have missed an opportunity to commit to an
equitable education for all.
Teachers and One-to-One Technology Initiatives
“The teacher’s impact on student achievement is greater than any other factor in a
school” (Opper, 2019, p. 1). Of all the stakeholders involved in education, only teachers
experience the daily challenges of technology integration and its impact on student learning.
Finding ways to use the technology tools in meaningful ways that help students learn in new and
innovative ways is largely left up to the teachers. They must find ways to personalize the
curriculum for each student, deciding when integrating technology is appropriate to reach
accomplish each task. In many cases, educators’ opinions and attitudes have helped to form,
implement, and maintain school policy regarding technology integration (Lawrence et al., 2018).
Educator involvement and input is so vital that Mumtaz (2000) identified teacher perceptions of
the impact of one-to-one programs as the most important indicator of success for technology
implementation.
Alboin (1996) found that teachers’ attitudes and beliefs surrounding the value of
technology tools for education are valuable predictors of their success in integrating technology
into the classroom. In an effort to understand why technology is integrated into the curriculum
differently among teachers, Ertmer (2005) looked to some of the barriers that were reported
earlier by the superintendent in North Carolina. First-order barriers, as defined by Ertmer,
included factors such as environmental readiness and teacher knowledge. Did teachers know
how to use the tools? Does the school have adequate technology support and internet access?
Second-order barriers were defined as intrinsic factors, like the ideas that teachers’ persistent
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beliefs can interfere with teachers’ technology integration (Ertmer, 2005). Do teachers believe
that the one-to-one technology initiative is worth the cost? Have teachers had time to explore the
research supporting one-to-one initiatives? Do they understand the program objectives and why
the technology was purchased? Asking these questions can help understand where the educators
are in their own beliefs and understanding surrounding the technology programs they are to
integrate in their classrooms.
Kim, Choi, and Lee (2013) examined the relationship between teachers’ beliefs and their
technology integration practices. They found that teachers’ beliefs about the nature of knowledge
and learning (epistemology), beliefs about effective ways of teaching (conceptions), and
technology integration practices were positively correlated with one another. The research
conducted by Heath (2017) supports this finding as she extended the research of Ertmer on
beliefs in technology integration, to suggest that a potential relationship also exists between
teacher voice, specifically allowing teachers a role in the integration of technology, and teacher
beliefs. “Positive teacher beliefs about technology and positive teacher beliefs about professional
agency are essential to one-to-one technology integration. One-to-one integration should be
deployed in a way that honors teacher voice, established teacher beliefs, and the realities of a
teacher’s daily life” (Heath, 2017, p. 103).
The relationships and interactions between teachers and students has always been
essential to student achievement (Evans, 2020). Research has documented a history of positive
correlations between teacher efficacy and student achievement. Higgins and BuShell discovered
in their 2017 study that one-to-one environments have made a positive impact on those
relationships. They found that students were much more independent and responsible in the oneto-one environment, they were more organized and connected to their work and, they connected
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to their teachers and other students to a greater extent. They noted students were also more
motivated with teachers who used digital technologies, and, in turn, teachers had greater
connections to their students and were highly motivated to become better technology users in and
out of the classroom. “The decision to implement a one-to-one technology program involves
more than the student-teacher relationship alone, but creating an environment where teachers and
students can work together can help sustain and one-to-one program” (2018, p. 1087).
Over the past 30 years, education has struggled to keep pace with advancing technologies
(Marcinek, 2015). This has placed a new burden on educators to continually learn new resources
and change their teaching methods. “Gone are the days- if, they indeed existed- when teachers
could rely on the same handouts, homework, or lecture notes from year to year” (Roblyer &
Doering, 2013, p. 10). Teachers remain the most essential part of the learning process, now
maybe more than ever suggest the authors. Naisbitt shared back in 1984 when the idea that
computers might replace teachers that “whenever new technology is introduced into society,
there must be a counterbalancing human response. . .the more high tech [it is], the more high
touch [is needed]” (p. 35). Roblyer and Doering stress the importance of teachers when using
technology in education.
“We need more teachers who understand the role technology plays in society and in
education, who are prepared to take advantage of its power, and who recognize its
limitations. In an increasingly technological society, we need more teachers who are both
technology savvy and child centered” (p. 10).
New technologies not only present new skills for students to master, but also present new
challenges for teachers to understand and integrate into their teaching. The National Educational
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Technology Standards (NETS) were created by ISTE to define skills that both students and
teachers need to be successful in today’s world (see Figure 8).
Figure 8
ISTE Standards for Educators and Students

Note. Reprinted from ISTE Standards for Educators (2017) and ISTE Standards for Students
(2016).
After the implementation of a one-to-one technology initiative in the Mooreville district
of North Carolina, Intermediate School Principal Dr. Randy Bolton shared the changes he saw
when visiting classrooms. “Instead of teachers being the focal point, they’re now facilitators,
guiding students to where they need to go. Learning is much more of a collaborative effort,
versus the teacher being in charge. It’s a beautiful thing to see” (Mooresville School District,
2009, p. 3).
Technology is a tool that students and adults may use frequently outside of the classroom,
but bringing technology into the classroom can allow students and teachers to learn in ways they
never have before, changing the role of the teacher, the learner, and the environment in which
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learning takes place (Hannon, 2012). There needs to be an effort to leave the tendency to use a
didactic approach and start implementing more of an investigative and collaborative approach to
learning where the technology can provide a crucial role with the teacher as a facilitator, not the
one who delivers the knowledge. Technology itself is still only a tool and cannot replace good
teaching and best practices in education (Harris, 2016). “When implementing one-to-one
technology into a classroom, educators must look closely at their student population to
understand who they are working with, how their students will learn best, and how to build
confidence with technology so they will, in return, be satisfied with their learning experiences,
and thus become moved to learn” (Harris et al., 2016a, p. 372). Evans (2020) suggests this is a
valuable insight to examine how teachers think about their own instructional efficacy, especially
as it pertains to the use of technology in their classrooms. “The experience of digital learning
during school closures provided a unique laboratory type view to explore how technology can
support higher levels of teacher efficacy” (2020, p. 4).
COVID-19 and One-to-One Technology in Education
The pandemic exposed inequities in education that now must be discussed with new
solutions to address the persistent digital divide in many communities across the nation. Between
3 and 4 million students received internet access at home during the pandemic, addressing a
portion of the estimated 10 to 16 million students that lacked internet access prior to the
pandemic shutdown (Education Superhighway, 2021). The shift that the COVID-19 pandemic
forced on education is one of the largest disruptions to education history. No one could have
predicted or prepared for such a widespread event. “Like an earthquake, this unforeseen jolt to
the education enterprise resulted in dramatic and immediate change to the everyday teacher and
learning process for students and teachers, for families and schools” (Evans & Project
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Tomorrow, 2020, p. 2). This event allowed everyone to reflect on what worked, exposed flaws,
and forced education to change virtually overnight. Project Tomorrow found that parents
developed a stronger appreciation for the value of technology as a learning vehicle (2020). Their
research also showed a change in the beliefs and attitudes about educational efficacy and the
value of technology within instruction among educators and society overall. This allows for
education leaders to now leverage digital tools and resources to build new and sustainable
learning environments (2020).
Project Tomorrow’s study following the pandemic noted an increased level of teacher
efficacy as they were able to experience digital learning during the pandemic in a unique
laboratory type environment to explore how technology could support higher levels of learning.
“It is valuable to examine how teachers think about their own instructional efficacy especially as
it pertains to the use of technology in the classroom” (Evans & Project Tomorrow, 2020, p. 4).
This study found that teachers reported a 10% greater awareness of individual student academic
strengths as a result of the use of technology during the pandemic. Figure 9 shows how teachers
evaluated the impact of technology in the effectiveness both pre and post the COVID-19
shutdown.
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Figure 9
Teachers’ Evaluation of the Impact of Technology on Their Own Teaching Effectiveness

This increased usage was also found to have other unexpected outcomes. It forced
teachers to redesign their tried-and-true lessons and instructional practices. Evans learned that “it
created new opportunities for teachers to experiment and test new technologies that they had
never used before” (2020, p. 5).
Theoretical Framework
Despite the ubiquity of technology in the classroom, rigorous evaluations of the impact of
technology on student performance are rare and the results are mixed (Bulman and Fairlie,
(2016). As discussed earlier, a rush to show the value of technology programs is forcing schools
to identify tangible outcomes before teachers have been able to integrate the tools into their
curriculum. Sell et al., (2012) noted a considerable delay in the availability of research that
schools can to use to assess the impact of a particular technology implemented in educational
settings with variables similar to their own.
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The purpose of this research was to evaluate the participating school’s One-to-One
Technology Initiative at the 9-12 grade level. An objectives-based evaluation model was used to
provide timely evaluative information and inform practice moving forward from the initiative
phase to the sustained and maintenance phases of the program. The objectives-based approach
identifies the proposed program’s objective and determines if, or to what extent, these objectives
have been met. There were no specific expectations regarding the implementation phases of the
One-to-One Technology Initiative or specific measures in place to evaluate the impact of the
initiative on the 4 C skills of 9-12 grade students attending the participating school beyond the
program’s broad objectives (West Fargo Public Schools, 2018). These objectives provided an
overall goal of creating a 21st century learning environment along with objectives to provide
student autonomy, mastery, accessibility, and personalization. Guidance on how to use the oneto-one technology tools to achieve these and how to measure growth and success is not defined.
This study used existing longitudinal data along with teacher and student descriptive data to
measure the extent to which the one-to-one technology initiative has met the program objectives
(see Figure 10).
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Figure 10
West Fargo Public Schools One-to-One Technology Initiative Proposal

Note. Reprinted with permission from the participating district’s board One-to-one initiative
proposal presentation. (West Fargo Public Schools, 2018).
There are a variety of program evaluations models in education that have been used to
measure the impact of a program on student achievement. One of the leaders in program
evaluation is Ralph Tyler. He viewed evaluation as the process of determining the extent to
which the program objectives are attained to determine success. He believed that traditionally
educational program evaluation did not focus on individuals but instead to provide over-all
information about the educational attainments of large groups of learners (Tyler, 1967).
“The current climate in this country is to seek innovation, to get the institutions active in
learning how to serve their new clients. Evaluative instruments for this purpose must
avoid using criteria based upon the current judgments of schools and colleges because
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this criterion perpetuates the conviction that these institutions are, at present, satisfactory
for the tasks to be done” (1967, p. 16)
Coined the ‘Objectives Model,’ this program evaluation stresses the use of setting goals and
objectives that are logical, scientifically acceptable, and adoptable by evaluators (Tyler, 1949).
Without clear and measurable program objectives, this study will use a goal-free evaluation
approach. This approach does not use evaluation objectives but instead is guided by the idea that
there are many findings and outcomes that do not fall within the stated goals and objectives as
defined by the program director or evaluator. This is the area where the 4 Cs skills of students
can be evaluated. While these 4 C skills are part of the larger Profile of a Graduate requirements
for high school students, they are not specifically defied as a program objective of the one-to-one
technology initiative. The Profile of a Graduate (See Appendix C) student portfolio is currently
completed and assessed through senior English courses during the final semester prior to
graduation. Using the goal-free program evaluation model, the researcher’s purpose was to
provide insight regarding the efficacy of the one-to-one technology initiative, specifically on the
impact of the one-to-one technology initiative in developing the 4 C skills of students. Worthen
(1990) first suggested the idea of “goal-free” evaluations as a model that not only ignores the
programs goals but avoids learning them. He felt this allowed finding to be based on the actual
outcomes instead of any outcomes set out in advance. This study focused specifically on the
impact of the one-to-one technology initiative in developing the 4 C skills of students to provide
data-driven support for future decision-making as the program has evolved since its launch in
2019, to the latest perspectives of teachers and students collected after 3 years.
For school district leaders, it is important to be able to clearly discuss the findings and
have evidence to support them. For the purpose of this study, yearly survey data collected over a
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2-year period was analyzed to gauge the perceptions of both teachers and students on the
progress made toward attaining the program objectives.
Hypothesis
Null Hypothesis statement: There is no effect of the one-to-one technology initiative
implemented in grades 9-12 on students’ 4 C skills development as reported by teachers and
students.
Alternative Hypothesis statement: There is an effect of the one-to-one technology
initiative implemented in grades 9-12 on students’ 4 C skills development as reported by teachers
and students.
Research Questions
Primary Research Question
1. What are the effects from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ 4C skills development as perceived by teachers and students?
Secondary Research Questions
2. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of collaboration skills while accounting for students’
demographics?
3. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of communication skills while accounting for students’
demographics?
4. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of creativity skills while accounting for students’ demographics?
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5. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of critical thinking skills while accounting for students’
demographics?
Conclusions
Existing research has been shared that suggests even though many one-to-one technology
initiatives are too new to provide any significant outcomes on student achievement as assessed
through traditional methods, growth has been reported in areas such as engagement, relationships
and specifically on the 4 C skill development of students (Penuel, 2006). More research is
needed to identify the value of the rapidly growing one-to-one technology initiatives to
determine the long-term effects and the most effective ways to support these initiatives. School
administrators are being pressured to get the newest technology into the hands of students at the
same time as they are being held more accountable for improved student achievement (Ross,
2020). School administrators are also being asked by stakeholders to measure the return on their
investments as shown in the growth of student learning. As technology implementations continue
to expand in schools, demands on teachers for balancing student well-being as also increasing.
Workforce pressures are also looking to educators to provide future works with the skill
needed in today’s global economy. The access to information requires works to not only identify
information but also communicate that information effectively, collaborate globally, critically
evaluate information to solve problems, and create new knowledge in new ways. Teachers must
not only keep up with the new technology tools but also how to use them most effectively to
prepare students with this new skill set.
Equity issues are one of the many goals schools cite as a rationale for their one-to-one
initiatives. While the homework gap is shrinking, it still exists and is setting those without access
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to technology and the internet outside of school at an even larger disadvantage. Expectations for
outside of school technology tasks are increasing as more technology resources are integrated
into the curriculum. At the same time, students without access lack the ability to personalize and
control their own exploration of knowledge.
Lastly, COVID-19 has presented education system with a unique opportunity to redesign
itself to address the needs of today’s students more specifically. The urgency at which education
system changed in response to the pandemic forced educators to explore new ways of teaching
and learning, pushed schools to try new structures, and used technology in ways that may never
have been considered previously. This momentum must not be lost as education is prime for a
significant change that has been needed for years but given the urgency it knows today. Parents,
policymakers, administrators, and teachers now have a new perspective on the needs of today’s
students, an understanding of the technology options available, and a responsibility to help
support all students.
The next chapter reviews the methodology chosen to collect and analyze data from both
students and teachers through a three-phase process. The data was collected on the perceived
impacts of the one-to-one technology initiative on the 4 C skills of high school students over a 3year period. The chapter also describes the data that was analyzed, the survey administration
process, the study sample and participants, and the setting that the research was conducted.
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CHAPTER 3
Methods
This study sought to understand the impact of one-to-one technology initiatives on the 4
C skills (i.e., Communication, Collaboration, Critical Thinking, Creativity) of students in grades
9-12 utilizing both survey research and existing longitudinal data. Data was collected using
surveys adapted from the Beliefs about Technology Use for Classroom Instruction and Student
Learning developed by Chang in 2016 and utilized in her study, “The Efficacy of a One-to-one
Technology Initiative.” The participating district’s Clarity Technology and Learning data from
2019 – 2021 was analyzed through a multi-phase longitudinal approach.
This study was designed from a realist ontology, focusing on identifying the overall
existence of the phenomenon in the real, quantifiable world of a high school setting. This created
a clear structure for the research while maintaining distance and neutrality. The researcher
employed objectivism as the epistemological stance. Objectivist epistemology holds that the
mind of that meaning exists apart from the form of the objects being studied (Crotty, 1998). The
researcher explored the impact of the one-to-one technology initiative (as realities exist in the
world) on the development of the 4 C stills of students in grades 9-12.
This chapter addresses the research design, over three phases that was implemented.
These phases included the analysis of 8 data sets, collected over a 3-year period. This chapter
also speaks to both the internal and external threats to validity for transparency and measures in
place to counter the threats when possible. Lastly, this chapter describes the study’s setting,
participants, and sampling as it is designed within each phase. This includes an explanation of
the instrumentation, a proposal for data collection and analysis, along with a table of alignment
that details how the research questions are addressed in this research design.
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Research Questions
Primary Research Question
1. What are the effects from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ 4C skills development as perceived by teachers and students?
Secondary Research Questions
2. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of collaboration skills while accounting for students’
demographics?
3. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of communication skills while accounting for students’
demographics?
4. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of creativity skills while accounting for students’ demographics?
5. What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of critical thinking skills while accounting for students’
demographics?
Research Design
This study was conceptualized within a post-positivist paradigm. The purpose of this causalcomparative study was to employ a quantitative approach to determine the impact of the
implementation a one-to-one technology initiative on the development of the 4 C skills of high
school students at a midsize high school in a suburban North Dakota city. The one-to-one
technology initiative was launched at the participating school in August 2018. It consists of a
piece of technological hardware, in this situation it is an iPad tablet, assigned to each student to
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support their educational development. Students were issued these devices, housed in a
protective case, along with a digital stylus as they start their high school career. They return the
device when they are no longer students at the school, either due to graduation, drop out, or
transfer.
The causal-comparative research design is a non-experimental model that attempted to
identify any differences and the cause of those differences between groups that already exist
(Fraenkel et al., 2018). Causal-comparative research tries to attribute a change in the outcome
variables (i.e., Communication, Collaboration, Critical Thinking, Creativity) when the predictor
variable (i.e., implementation of the one-to-one technology initiative) cannot be manipulated
(Picciano, 2004). This research design deals with variables that have already occurred or exist
(i.e., the one-to-one technology initiative has already been launched). This causal-comparative
research is also referred to as ex post facto research. The one-to-one technology initiative has
already been put in place and this study examines the differences in the development of the 4 C
skills of students after that event. Like correlational studies, this study sought to understand the
one-to-one technology phenomena while seeking to explain the association between these
phenomena and the 4 C variables. It attempted to identify the impact of the variables and the
reasons for those differences without assuming causation. Unlike a correlations study, this
casual-comparative methodology measures the means of the responses and then conducted a tTest to compare those means among the two variables (i.e., gender, teacher/students, year 1 to
year 2) and One-Way ANOVA to compare 3 or more variables (i.e., years 1-3, grade levels,
teacher content areas). This is explanatory research that attempted to understand the impact of
the one-to-one technology initiative by identifying the relationship between the predictor
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variable (i.e., the one-to-one technology initiative) and the outcome variables (i.e.,
Communication, Collaboration, Critical Thinking, Creativity).
As described in Figure 11, this study was conducted over three phases, using eight data
sets.
Figure 11
Three-Phase Study Design

Phase I analyzed the Clarity Technology and Learning data from 2019 – 2021, through a
multi-phase longitudinal approach. The researcher was granted access to these data sets available
from Bright Bytes Clarity Services as part of an evaluation tool purchased by participating
district. The Clarity Technology and Learning instrument is administered online using a
proprietary tool designed by Bright Bytes. Bright Bytes implements CASE, a research-based
framework developed by a team of educational researchers, higher education statisticians, and K12 practitioners. Bright Bytes is an educational analytics service located in Georgia that offers
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multiple solutions aimed at helping schools analyze data. The participating district has contracted
their services since the start of the one-to-one technology implementation.
The Clarity Technology and Learning survey results include district-wide data collected
from both students and teachers first collected at the five month point of the one-to-one
technology initiative. The survey was administered to the accessible population in attendance
during student advisory periods and staff meetings over a two-week period. The survey closed
when a desired completion percentage of both groups has been reached. This percentage was set
at 90% over the past 2 years. This convenience sampling is determined by those in attendance
during the survey window. The research methods included mining the data collected since the
start of the implementation of one-to-one technology at the participating school to examine the
change over time, exploring any changes in the development of the 4 C skills of students from
implementation to integration.
The Clarity Technology and Learning questionnaires are administered to both high
school teachers and students over the period of two years: 1) spring of 2020, the first year of the
implementation of the one-to-one technology initiative, and 2) spring of 2021, the second year of
one-to-one technology initiative. For Phase I, these data sets were analyzed during the fall of
2021. The use of these longitudinal data provided a foundation to analyze the change over time,
focusing on perceived changes in the development of the 4 C skills of students as the one-to-one
technology initiative progressed from year 1 to year 2, from implementation to integration.
Phase II of this study included the most recent data from the Clarity Technology and
Learning instrument administered online using a Bright Bytes tool in the winter of 2022. This
was year 3 of the one-to-one technology initiative and expanded the longitudinal scope of the
data by one additional year. This also provided an opportunity to explore the development of the
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4 C stills of students when using their one-to-one technology devices prior to, during, and after
the shutdowns and distance learning requirements resulting from the COVID-19 pandemic.
The final phase, Phase III, of this study, utilized survey data collected from teachers and
students in the winter of 2022 using the Beliefs about Technology Use for Classroom Instruction
and Student Learning survey with the permission of Dr. Ching-Wen Chang (2016) (See
Appendix I). This survey was administered online through Qualtrics in the winter of 2022 to
approximately 30 teachers and 50 students. The inclusion of this survey allowed for the
collection of more comprehensive demographic information from the teacher and student
participants including: 1) years of experience, 2) content area, 3) age, 4) level of education, 5)
gender, and 6) grade level taught. These data also included a self-rating component that allowed
the teachers and students to rate their level of technology competency. During this third phase of
the study, the researcher collected more detailed demographic and descriptive data to allow for
the inclusion of a narrative perspective of the one-to-one technology initiative and the impact on
the 4 C skills of these students from both students’ and teachers’ perspectives.
Threats to Internal Validity
The threats to internal validity were taken into account to increase the credibility of the
causal relationship this study seeks to find. Phase I and II of this study were out of the control of
the researcher as the secondary data was provided by Bright Bytes after the survey has been
administered. Threats to internal validity for Phase III are moderate and were addressed by the
researcher. There is a lack of control over the internal threats to validity as the outcome variable
(implementation of the one-to-one technology initiative) had already occurred, and that variable
could not be manipulated. The existing internal threats include the following:
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Mortality – Students and teachers may have refuse to participate due to fatigue.
They are already asked to take many surveys each year and may not be able place
a higher value on this one. To counter this threat, the researcher made the invite
appealing and assured the results would be shared with the participants, so their
participation has meaning.

•

Location - The location is limited to one high school, creating an internal threat as
there are many factors that make each high school unique. To counter this threat,
the research sought a diverse population and high participation. The reality was
that teachers were better represented as they had more time, and the researcher
had more access. Seeking only 30 was not representative of the entire high school
population but due to extenuating circumstances, the researcher sought to explore
with a small, non-randomized sample. The current pandemic and political climate
placed unprecedented pressure on teachers and students, created limited time and
access to the targeted student population. Fully aware of this threat, the researcher
attempted to meet with a smaller, group of 30 students during their advisory time.
The researcher also targeted senior students, age 18 and above, due to restrictions
of the IRB request.

•

Instrumentation – The internal threat to validity is low for the instrument
administered in Phase III, yet many students and teachers may have confused it
with another survey. Survey fatigue may have impacted the participant
willingness to participate. The researcher attempted to counter this with an
engaging invite and repeated reminders that this survey allowed them to share
their personal opinions. Instrument decay is an internal threat that was considered
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in Phase I and II as it is repeated each year, though in a different order, look, and
feel.
•

COVID-19 pandemic – Another internal threat to validity is the large number of
absences and distant learning environments that resulted from the COVID-19
pandemic. Phases I and II were administered to the same group of students but the
level of participation may have been influenced by the higher number of both
students and teachers absent and/or working remotely. Again, the researcher
attempted to counter this threat through repeated invitations to participate and
electronic reminders that allowed the survey to be taken at any location.

Lastly, Casual-comparative research is not subject to other common internal threats such
as history, implementation, attitudinal and regression threats due to the design of this study. Any
internal threats presented would not affect the participant groups differently (Fraenkel et al.,
2018). As a measure to reduce the overall threats to internal validity, the researcher tried to
increase the response rate with follow ups and reminders.
Threats to External Validity
This study had minimal threats to external threat that must be noted. The biggest external
threat is to the mortality, limiting the extent to which the findings can be generalized to other
situations, people, settings, and measures.
•

Sampling/Generalizability- Generally, the same teachers and students participated in the
study over the 3-year collection period represented in Phases I and II. The researcher was
aware though that the threat was not completely avoided as the students attending the
school over the study period fluctuated due to graduation, drop out, transfer, and
attendance during the survey window. The possible threat to external validity was limited
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to the generalizability of the findings. This study does not assume to prove cause-andeffect results but does provides insights into the casual relationship between variables. To
reduce the threats to external validity, the researcher strived for representativeness in the
sample, setting, and procedures. The threat will decrease as the study is replicated, as has
been done in this study through the replication of the Chang study. Sampling in Phase III
generated a good representation of teachers but the same did not happen as well with
students when limited to those 18 years old or more. This is a limitation that is addressed
when discussing the results of the study.
Feasibility
For this study, the researcher was granted access to existing and ongoing data collected to
measure the technology and learning of the participating school’s teachers and students collected
through the Clarity Technology and Learning (See Appendix D). Administrators at the
participating school fully support this research for the added value it brings to the technology
initiatives present in the district. The researcher also received approval to use online district
technology resources and communicate through district email service for this research. The
researcher had access to the 9-12 teacher and student populations to administer the Beliefs about
Technology Use for Classroom Instruction and Student Learning instrument. Permission from
Dr. Chang was secured (See Appendix E).
Setting
This study tool place at midsize suburban high school in North Dakota. The school has a
current enrollment of just over 1,400 students in grades 9-12. The school reports a studentteacher ratio of 14:1, higher than the state average. Minority enrollment is at 31% and the
school’s graduation rate is 82%. The Free/Reduced student enrollment is reported at 41%. The
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school currently employs approximately 130 full time teachers. This school is part of the fastest
growing district in the state at a time when many other schools are consolidating or
closing. Growth in this suburb is contributed to an economic expansion in the state, tied to strong
ag prices and an oil boom in western North Dakota (Kaul, 2019). The latest census reported the
city that the participating district serves grew nearly 50% over the last ten years (Turley, 2021).
The metro area reports low unemployment with a strong job market comprised of three higher
education institutions, a large Microsoft campus, and growing healthcare facilities. The school
launched a school-wide iPad initiative in the fall of 2019, with the school district purchasing an
iPad for every 9-12 grade student in the district. The district also provides internet access for
students that qualify as determined by building administration. This access can be in the form of
district paid cable modem access or cellular data hotspots. Each teacher, administrator, and
counselor have a laptop issued to them upon being hired. All professional staff have had school
assigned laptops for the last 12 years. All professional staff were also issued an iPad with the
student roll out in 2019.
Participants
The participants included in this study can be categorized into six distinct groups among
the three phases. Phase I included Group 1) teaching staff at the participating high school
completing the Clarity Technology and Learning instrument in year 1, Group 2) students at the
participating high school in grades 9-12 completing the Clarity Technology and Learning in year
1. Phase I also included Group 3) teaching staff at the participating high school completing the
Clarity Technology and Learning instrument in year 2, and Group 4) students at the participating
high school in grades 9-12 completing the Clarity Technology and Learning in year 2. Phase II
added the most recent data from Group 5) teaching staff at the participating high school
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completing the Clarity Technology and Learning instrument, and Group 6) students at the
participating high school in grades 9-12 completing the Clarity Technology and Learning from
the 2022 Bright Bytes data. Phase III included Group 7) professional teaching staff at the
participating high school completing the Beliefs about Technology Use for Classroom
Instruction and Student Learning, and Group 8) students voluntarily choosing to participate by
responding to an invite sent to all students.
The responses from groups 1-6 are included in the longitudinal data provided by Bright
Bytes from the school-wide to teachers and students during the second semester of the 2020,
2021, and 2022 school years. The student body consists of just under 1,400 students, ages 1419. The teaching staff includes approximately 130 full-time equivalents (FTE) depending on
yearly enrollments and budget allocations. The school’s demographic profile is comprised of
students that identify as White (69%), American Indian (1%), Asian (6%), Hispanic (4%), Black
(18%) and 2% identify as two or more races. Groups 7 and 8 are the teachers and students
completing the Beliefs about Technology Use for Classroom Instruction and Student Learning
survey in the fall of 2021. These groups participated based on availability, willingness, and, for
the student participants -parental permission. Teacher participation in Phase III was targeted at
30 total participants and student participation in Phase III was targeted for approximately 50
students.
Sampling
Both phase I and II of this study used existing secondary longitudinal data from the
school-wide survey collected during years 1-3 that included both students’ and teachers’
perceptions on the one-to-one technology implementation and the impact on the development of
the 4 C skills of students. The Bright Bytes survey is administered to all teachers and students

Running Head: FOUR CS AND ONE-TO-ONE

88

each year who are in attendance during advisory periods and staff meetings over a two-week
period. The survey closed when a desired completion percentage of both groups had been
reached. This percentage was set at 90% over the past three year. Students and teachers were
reminded and encouraged to participate via email and announcements. This convenience random
as it was determined by those in attendance and the timeliness in which they complete the
survey.
This study also included a targeted survey administered during Phase III to teachers and
students using the Beliefs about Technology Use for Classroom Instruction and Student Learning
with both demographic, Likert scale questions to collect a more detailed and personal perspective
of the teachers’ and students’ demographic information, self-reported technology skills, and their
perceptions the development of the 4 C skills after the one-to-one technology
implementation. This sample is a convenience sample, focusing on the teachers and students
available within the school at the time of this research. The sample size for Phase III is targeted
for approximately 30 teachers and 50 students.
Instrumentation
Phases I and II of this study analyzed secondary existing data collected using the Bright
Bytes Clarity Technology and Learning survey (Bright Bytes, Inc., 2016). This survey was
administered to both students and teachers using two different online questionnaires. The survey
design is proprietary and cannot be shared in the format in which it is presented but the questions
that each group were asked are part of the data file shared with the researcher. For the purpose of
this study, the researcher focused on the Classroom domain of the survey which concentrates on
the 4 C skills of students (See Appendix H). The survey is divided into 4 domains: Classroom,
Access, Skills, and Environment. All questions related to the 4 C skills are collected under the
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Classroom domain for both teachers and students. The teacher version contains 139 items
including Likert scale questions, frequency questions, and limited demographic questions. The
student version consists of 76 questions using Likert scale and frequency questions, along with a
single grade level demographic question. This raw data file was shared with the researcher from
Bright Bytes Clarity Services within 2 months of the survey window closing. It was shared as a
data file, available to analyze using SPSS (Statistical Package for the Social Sciences) statistical
analysis software.
Phase III of this study used an adapted, existing survey instrument developed by ChingWen Chang and utilized in, “The Efficacy of a One-to-one Technology Initiative” (2016). Chang
granted permission for the researcher to adapt the questionnaire for use in this study (See
Appendix I). The adaptations allowed the survey to be balanced between the 4 C skills questions
and abbreviated to respect the time restraints of the participants. This was an online, interactive
questionnaire, divided into three sections administered through Qualtrics. The questionnaire for
teachers contained 7 demographic questions, 20 level of agreement statements on teacher
technology usage, 20 level of agreement statements on student technology usage, 1 ranking, and
3 open-ended, short answer questions. The first section collected demographic data, including
questions about gender, educational level, years of experience, subject(s) taught, and
district/school of employment. The second section asked the participants to self-report their
perceived skill levels with technology and its application in the classroom. The final section
focused specifically on the 4 C skills development of students. This section included belief
statements aligned to one of the 4 C skills identified in the Framework for 21st Century
Learning: communication, collaboration, critical thinking, and creativity. The student version of
this survey included 7 demographic questions, 20 level of agreement statements on classroom
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technology use, 20 level of agreement statements on student technology use, 1 ranking question,
and 3 open-ended, short answer questions. The student survey was divided into 3 sections,
replicating the teacher version. These data were analyzed using descriptive statistics. It also
added a qualitative narrative component to the quantitative paradigm research. The addition of
the Beliefs about Technology Use for Classroom Instruction and Student Learning survey to this
study allowed for a more detailed demographic analysis of the data and provided an opportunity
for open-ended response questions. These responses added a narrative perspective to the study
directly from the teacher and student experience. This instrument has been tested for reliability
by Chang during her study in 2016 (see Table 2).
Table 2
Beliefs about Technology Use for Classroom Instruction and Student Learning Instrument
Reliability Measurements

Variable

Internal
Consistency
Reliability
(Cronbach
Alpha)

Items
20 Scale
Items

Scale
1-4 (Beginning to Advanced
Technology Skills
a= .980
High)
1-4 (Strongly Disagree to
Communication
a= .783
2 Scale items Strongly Agree)
Critical Evaluation
12 Scale
1-4 (Strongly Disagree to
(Thinking)
a = .932
Items
Strongly Agree)
1-4 (Strongly Disagree to
Creativity
a = .925
7 Scale Item Strongly Agree)
1-4 (Strongly Disagree to
Collaboration
N/A
1 Item
Strongly Agree)
Note. From “The Efficacy of a One-to-one Technology Initiative in Improving the Four Cs,” by
Ching-Wen Chang, 2016, Journal of Educational Technology Development and Exchange. 9 (2).
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Data Collection
This study examined existing longitudinal data during Phases I and II from the Bright
Bytes Clarity Technology and Learning survey including both student and teacher
responses. This online survey was administered yearly during the second semester of each school
year. This survey was first administered in January 2020, five months after the iPads were
distributed to all teachers and students as part of the one-to-one initiative. The survey was
administered again in February of 2021, after students and teachers had been using the devices
for 17 months. The last and most recent data set from Bright Bytes was collected during January
2022. This marked 29 months of the one-to-one technology initiative being implemented. These
surveys were sent as a direct link placed on the students’ iPad and via an email message to
teachers. Students were provided time and any necessary technical assistance to complete the
survey during their 30-minute advisory period (i.e., Packer Time) within the survey window.
This window was typically open from mid-January to mid-February of each school year.
Teachers were given time to complete the survey during the winter professional development
days, usually at the end of semester 1 each year in mid-January. Reminders were sent to
encourage both teacher and students to complete the survey via emails, announcements, and
during open class time. While the percentage is known, Bright Bytes does not collect any
identifying information, so they are unable to provide information regarding which specific
individuals have completed the survey.
Phase III of the study was comprised of a survey that was administered in the winter of
2022 to high school teachers and students using the Beliefs about Technology Use for Classroom
Instruction and Student Learning instrument administered through Qualtrics. The teacher version
of this survey was emailed to staff beginning in February 2022. Follow up emails were sent each
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week until the response rate of 30 teachers was met. This survey was also included in staff
meeting agendas and weekly communications.
The student version of the Phase III survey was completed in small groups beginning on
February 8th during advisory time. Student participation was voluntary and open to all interested
students aged 18 and above until the participation goal of 50 students was met. Students and
teachers completed the survey online utilizing Qualtrics via a link sent to their email addresses
and iPad devices.
Data Analysis
Phases I and II of this causal-comparative study utilized descriptive statistics and t-Tests,
and One-Way ANOVA to investigate possible relationships between the implementation of oneto-one technology tools and students’ 4 C skills. This also included mining the data collected
since the start of the implementation of one-to-one technology to provide a foundation, look at
the change over time, and identify themes in the development of the 4 C skills of students as
perceived by both students and teachers as they move past implementation to integration. The
statistical techniques included analysis of variance, t-tests where significant differences in the
means are compared, and One-way ANOVA to explore the differences over the 3-years of
longitudinal data.
Phase III of this study analyzed the data collected from the Beliefs about Technology Use
for Classroom Instruction and Student Learning instrument administered through Qualtrics. This
survey centered around the development of the 4 C skills of students since the implementation of
the one-to-one technology initiative with the inclusion of more detailed demographic
information. This allowed for additional causal-comparative analysis with more descriptive
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explanatory data focused on the 4 Cs of students and teacher and student perceived technology
skills and experiences.
Given that a One-Way ANOVA was planned, the researcher first explored the data to
determine whether the statistical assumptions to use On-Way ANOVA are met. Specifically, the
assumptions for the scales of measurement used to collect data on the predictor and outcome
variables, securing that groups are independent, the absence of significant outliers, the outcome
variable data have a accepted degree of normality, and that there is homogeneity of variances
across groups. If these assumptions were not met, a non-parametric test was to be utilized to
compare groups (i.e., Kruskal-Wallis).
Research Questions and System Alignment
Table 3 describes the alignment between the research questions and the methods used in
this study to ensure that all variables of study have been accounted. Table 4 summarizes the data
analysis.
Procedures
The timeline of the study is as follows:
•

Phase I initial analysis of the secondary Bright Bytes survey data from the 20192020 and 2020-2021 school years, fall of 2021.

•

Phase II expanded the longitudinal analysis of the secondary Bright Bytes survey
data from the 2021-2022 school year. March 2022.

•

Administration of the Teacher Survey in Phase III included the online survey
completed through Qualtrics and accessed from a link emailed to teachers
beginning in February 2022. Follow up emails sent each week until the response
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rate of 30 teachers was met. This survey was also included in staff meeting
agendas and weekly communications.
•

Administration of the Student Survey in Phase III included the online survey
completed through Qualtrics and accessed from a link sent to participating student
iPad devices beginning in early February during advisory time. Student
participation was voluntary and open to all interested students age 18 and above
until the participation goal of 50 students was met.
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Table 3
Table of Alignment

Research Question (RQ)

Variables

Methodology

Communication

Causal Comparative

Instrument

Items

Validity &
Reliability

Method

Questionnaire

Teachers &
Students

Questionnaire

Teachers &
Students

Questionnaire

Teachers &
Students

Questionnaire

Teachers &
Students

Participants

Primary RQ
RQ1

Collaboration
What are the effects of the one-to-one
technology initiative implemented in grades 912 on students’ 4 C skills development as
reported by teachers and students?

Critical Thinking

Creativity

Causal Comparative

Causal Comparative

Causal Comparative

Bright Bytes

All

See Appendix
H

Chang

All

N/A*

Bright Bytes

All

See Appendix
H

Chang

All

N/A*

Bright Bytes

All

See Appendix
H

Chang

All

N/A*

Bright Bytes

All

See Appendix
H

Chang

All

N/A*

Chang

Teacher Q19 Matrix
Student Q15 Matrix

N/A*

Questionnaire

Teachers &
Students

Bright Bytes

Teacher 55-57; 62
Student 30-32; 35, 40

See Appendix
H

Questionnaire

Teachers &
Students

Chang

Teacher Q16 Matrix
Student Q16 Matrix

N/A*

Questionnaire

Teachers &
Students

Bright Bytes

Teacher 39, 49, 50, 5861; 63
Student 36-39;41-42

See Appendix
H

Questionnaire

Teachers &
Students

Secondary RQs
RQ2
What is the effect of the one-to-one technology
initiative implemented in grades 9-12 on
students’ development of collaboration skills
while accounting for students’ demographics?

Collaboration

Causal Comparative

RQ3
What is the effect of the one-to-one technology
initiative implemented in grades 9-12 on
students’ development of communication
skills while accounting for students’
demographics?

Communication

Causal Comparative
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RQ4
What is the effect of the one-to-one technology
initiative implemented in grades 9-12 on
students’ development of creativity skills
while accounting for students’ demographics?

Creativity

Causal Comparative

Chang

Teacher Q15 Matrix
Student Q19 Matrix

N/A*

Questionnaire

Teachers &
Students

Bright Bytes

Teacher 64-68
Student 43-47

See Appendix
H

Questionnaire

Teachers &
Students

Chang

Teacher Q12 Matrix
Student Q12 Matrix

N/A*

Questionnaire

Teachers &
Students

Bright Bytes

Teacher 69-74; 88-89
Student 33-34; 48-58

See Appendix
H

Questionnaire

Teachers &
Students

RQ5
What is the effect of the one-to-one technology
initiative implemented in grades 9-12 on
students’ development of critical thinking
skills while accounting for students’
demographics?

Critical Thinking

Causal Comparative

Note: * N/A: These questions measure opinion and are not measured for reliability & validity.

Table 4
Data Analysis

Research Question

Data Analysis

RQ1 What are the effects of the one-to-one technology initiative implemented in grades 9-12 on students’ 4 C
skills development as reported by teachers and students?

Descriptive Statistics, One-Way
ANOVA

RQ2 What is the effect of the one-to-one technology initiative implemented in grades 9-12 on students’
development of collaboration skills while accounting for students’ demographics?

Descriptive Statistics, One-way
ANOVA

RQ3 What is the effect of the one-to-one technology initiative implemented in grades 9-12 on students’
development of communication skills while accounting for students’ demographics?

Descriptive Statistics, One-Way
ANOVA

RQ4 What is the effect of the one-to-one technology initiative implemented in grades 9-12 on students’
development of creativity skills while accounting for students’ demographics?

Descriptive Statistics, One-way
ANOVA

RQ5 What is the effect of the one-to-one technology initiative implemented in grades 9-12 on students’
development of critical thinking skills while accounting for students’ demographics?

Descriptive Statistics, One-way
ANOVA
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Ethical Considerations
The potential risk to subjects was very low. The survey data collected in Phase I and
Phase II do not include any specific identifiers or unique IDs to link the responses to a specific
participant. Data gathered in Phase III was not collect any identifiable data to preserve the
privacy of research participants. Quotes or specific examples included in the results will make
use of pseudonyms.
Conclusions
This chapter described the research methods that were used in this study. Employing a
causal-comparative quantitative explanatory approach to analyze both longitudinal secondary
data and primary descriptive survey data, this study explored the impact of a one-to-one
technology initiative on the development of 4 C skills of high school students. This study
investigated the perceptions of students and teachers in regard to the communication,
collaboration, critical thinking and creativity skills demonstrated by students during the
implementation through the integration of one-to-one technology over a 3-year period. This
study also included a narrative component in Phase III that provided teachers’ and students’
perspectives of the phenomena being studied. The next chapter presents the results of this study.
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CHAPTER 4
Research Results
The purpose of this study was to determine the effects on the development of the 4 C
skills of students in grades 9-12 following the implementation of one-to-one technology. This
casual-comparative study used a program evaluation framework to determine if there was any
impact on the development of the 4 C skills of high school students as perceived by teachers and
students following the implementation of a one-to-one technology initiative at a midsize high
school in a suburban North Dakota city. This study focused on the perceived development of the
“4 C” (i.e., communication, collaboration, creativity, and critical thinking) skills from the launch
of the initiative through year 3.
This quantitative study was designed to use eight sets of data, six existing data sets and 2
newly collected sets, during a three-phase analysis process. Phase I examined the Clarity
Technology and Learning questionnaire data from 2020 – 2021, the year the one-to-one
technology initiative was launched through the second year of implementation. There were both
a teacher version and student version of this questionnaire (See Appendix D). This questionnaire
was administered online each winter using a proprietary survey contracted by the participating
school district with Clarity Technology and Learning. The questionnaires were administered
yearly to both high school teachers and students over the period of two years: 1) spring of 2020,
the first year of the implementation of the one-to-one technology initiative, and 2) spring of
2021, the second year of one-to-one technology initiative.
Phase II of this study included the most recent data from the Clarity Technology and
Learning instrument collected during the winter of 2022. This was year 3 of the one-to-one
technology initiative and expanded the longitudinal scope of the data by one additional year.
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This also provided data collected both during and following the school shutdowns and distance
learning requirements resulting from the COVID-19 pandemic.
Lastly, Phase III utilized survey data (Data sets 7 & 8) collected from teachers and
students in the winter of 2022 using the Beliefs about Technology Use for Classroom Instruction
and Student Learning survey with the permission of Dr. Ching-Wen Chang (2016). This survey
was administered to a random sample of teachers at the participating high school. It was also
administered to students over the age of 18 in their senior year of high school. This phase
focused on more comprehensive demographic information from the teachers and students along
with descriptive data and qualitative questions providing a narrative voice from both students
and teachers to share their opinions.
This chapter presents and describes the data analyzed from the three-phases outlined
above. It focused on the students’ and teachers’ perceptions of the one-to-one technology
initiatives impact on the development of the 4 C skills of students in grades 9-12. The primary
research question focused on the composite 4 C (i.e., communication, collaboration, creativity,
and critical thinking) skills. The four secondary research questions focused on the individual
dispositions, examining any differences among the perceived skills development.
Research Questions
Primary Research Question
R1: What are the effects from the implementation of the one-to-one technology initiative
in grades 9-12 on students’ 4C skills development as perceived by teachers and students?
H0: There is no effect from the implementation of a one-to-one technology
initiative on the development of the students’ 4 C skills as perceived by teachers
and students.
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H1: There is an effect from the implementation of a one-to-one technology
initiative on the development of the students’ 4 C skills as perceived by teachers
and students.
Secondary Research Questions
R2 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of collaboration skills while accounting for
students’ demographics?
R3 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of communication skills while accounting for
students’ demographics?
R4 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of critical thinking skills while accounting for
students’ demographics?
R5 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of creativity skills while accounting for students’
demographics?
Participants
The participants in this study were categorized into eight distinct groups over the three
phases. Phase I included Group 1) teaching staff at the research site completing the Clarity
Technology and Learning instrument in year 1. This group was made up of 102 participants.
Group 2) students at research site in grades 9-12 completing the Clarity Technology and
Learning in year 1 was comprised of 1,225 participants. Group 3) teaching staff at the research
site completing the Clarity Technology and Learning instrument in year 2. This group was made
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up of 61 participants. Group 4) students at the research site in grades 9-12 completing the Clarity
Technology and Learning in year 2 was made up of 1,103 participants.
Phase II included Group 5) teaching staff at the research site completing the Clarity
Technology and Learning instrument. This group totaled 75 teachers. Group 6) students at the
research site in grades 9-12 completing the Clarity Technology and Learning in 2022. This
student group consisted of 1,038 students. Lastly, in Phase III, Group 7) included 39 professional
teaching staff at the research site completing the Beliefs about Technology Use for Classroom
Instruction and Student Learning, and Group 8) 58 senior students, age 18 and up, choosing to
participate. Participant demographic details is summarized in Table 5.
Table 5
Study Participants
Phase 1
Teachers
Students

Phase 2

Year 1

Year 2

Year 3

102
1225

61
1103

75
1038

Phase 3

Total

39
58

277
3424

It is important to note that for Phases I and II in which the Clarity Technology and
Learning data were analyzed, the instrument collected minimal demographic data. The teacher
survey was limited to three demographic questions including years of teaching, subject(s) taught,
and grade level(s) taught. The student survey was limited to the single demographic question of
current high school grade level. This instrument also does not collect unique participant IDs.
Without these IDs, year to year responses could not be tracked to unique individuals requiring
both the student and teacher groups to be treated as independent groups from year to year.
Further information about these instruments’ limitations will be addressed in the next chapter.
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The teacher participants in the Clarity survey data most frequently (68.9%) taught
students in all high school grade levels, 9th - 12th grade (See Figure 12). There were very few
teachers that were limited to teaching only one grade level. The content areas were also all
represented by the participating teachers.
Figure 12
Grade(s) Taught by Participant Teacher

2.6% 2.6%

2.6%

10

10.3%
2.6%
2.6%

10,11
10,11,12
10,12
11

7.7%

11,12
9

56.4%

2.6%
7.7%

9,10
9,10,11,12
9,11

All grade levels were represented within the Clarity student group. The youngest students
represented the highest frequency of participation (29.6%). As the grade level increase (9, 10, 11,
12), the frequency of participants in at each grade level decreased (See Figure 13).
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Figure 13
Clarity Student Participation Over 3 Years

1200
997
1000

900

Frequency

800

749

720

11

12

600
400

200
0
9

10

Grade Level

Phase III participants exceeded the researcher’s participation goals for both teachers (goal
of 30 participants) and students (goal of 50 participants). The survey was completed by 39
teachers after 6 records were deleted due to incomplete responses. Eight student submissions
were deleted for incomplete responses leaving 58 completed student submissions. Phase III
included expanded demographic questions, allowing additional details to be explored. The
teacher participants included teachers in all age ranges (i.e., 20-29 through 60-69) with 15
teachers aged 50 or over and 24 teachers aged 49 or younger (See Table 6). Of those responding,
16 identified as men and 22 identified as women. Table 7 shows a majority, 23 teachers, had 19
years or less of overall teaching experience. Two of those responding had 42 years or more of
teaching with the research site with a majority (6 participants) reporting four years of teaching
experience at the research site. All subject areas were represented in the content area that the
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teachers worked, with vocational education representing the largest participation rate at 21.1%
(n=8). Nearly two-thirds (58.8%) of teacher participants hold a master’s degree or higher.

Table 6
Teacher Age
N

%

20-29

6

15.8%

30-39

7

18.4%

40-49

11

28.9%

50-59

10

26.3%

60-69

4

10.5%
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Table 7
Years of Teaching Experience

3
5
6
7
9
10
12
13
14
16
18
19
20
22
23
24
25
30
31
32
34
37
42

N
2
4
2
2
2
3
1
1
1
1
2
2
1
3
1
1
1
2
1
1
1
1
2

%
5.3%
10.5%
5.3%
5.3%
5.3%
7.9%
2.6%
2.6%
2.6%
2.6%
5.3%
5.3%
2.6%
7.9%
2.6%
2.6%
2.6%
5.3%
2.6%
2.6%
2.6%
2.6%
5.3%

Phase III student participants were 98% seniors in their final year of high school. This
was anticipated when adhering to the 18 years or older participation requirement. Of those,
69.5% identified as girls, 25.4% identified as boys and 3.4% identified as non-binary/nonconforming. One participant chose not to respond to this question (See Table 8). Over half of the
students (n=32) responded that they had completed all of their K-12 education within the

Running Head: FOUR CS AND ONE-TO-ONE

106

participating school district with 98% (n=57) completing all four of their high school education
(grades 9-12) at the participating high school.
Table 8
Student Gender

Valid

Frequency
15

Percent
25.4

Women

41

69.5

Non-conforming

2

3.4

Total

58

98.3

System

1

1.7

59

100.0

Men

Missing
Total

Results
The findings presented in this chapter are organized, first by the primary and secondary
research questions. Within the primary research question, the results are presented for each
participant group (teachers and students) by each survey (Clarity and Beliefs about Technology).
Secondary research questions for the individual dispositions (i.e., communication, collaboration,
creativity, and critical thinking) are discussed where significant findings were determined and
organized by participant group (teachers and students). Demographic analysis, when available, is
presented when notable results were discovered. Lastly, narratives from teachers and students are
added to provide a contextual perspective of the quantitative data elements collected.
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Research Question 1
What are the effects of the one-to-one technology initiative implemented in grades 9-12 on
students’ Four C skills development as reported by teachers and students?
H0: There is no effect of the one-to-one technology initiative implemented in grades 9-12
on students’ 4 C skills development as reported by teachers and students.
H1: There is an effect of the one-to-one technology initiative implemented in grades 9-12
on students’ 4 C skills development as reported by teachers and students.
Teacher Group
Clarity Survey Data Analysis
To analyze the effect that the one-to-one technology initiative had on the development of
the 4 C skills of students, the researcher examined the teacher data obtained from Clarity
Technology and Learning from years 1-3. These years represented the year the initiative was
launched, with the survey conducted at the 5-month point, year 2 with the survey conducted at
the 17-month point, and year 3 with the survey conducted 29 months since implementation. It is
important to note that the participating school district switched to online learning at the 7 month
point in year 1 due to the COVID-19 pandemic. A mix of hybrid learning (on-site and online
classes) were in place for most of year 2. The third-year data were collected the first full year of
returning to traditional on-site learning since the launch of the one-to-one technology initiative.
As determined in chapter 3, t-Tests were planned for be using the data from years 1 and
2 of Clarity Technology and Learning that was available for Phase 1 of the study to determine if
there was a difference between the means of the independent groups on a continuous dependent
variable. Before conducting the tests, when adding year 3 data in Phase 2, the research first
needed to determine if the six necessary ANOVA assumptions had been met.
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Assumption 1 was met as the 5 dependent variables (i.e., communication, collaboration,
critical thinking, creativity, and the composite of the 4 Cs) were measured on a ratio scale. The
second assumption requiring that the independent variable, in this study, the year, is comprised
of 2 independent groups and measured on a nominal scale (i.e., Year 1, Year 2). The third
assumption was also met as the two groups, teachers in year one and teachers in year two, were
independent groups. Independent groups are defined as groups where no relationship can be
determined between the subjects in each sample, including no subject being included in both
groups (i.e., no teachers a group in year one could also be part of another group in the same year)
(Kent State University Libraries, 2022).
The fourth assumption refers to the presence of outliers in the distribution of the data.
Phase 1 did not reveal outliers in years 1 and 2 in the teacher groups. The box plots below show
the distribution of the data, none showing the presence of outliers (See Figures 14-16)
Figure 14
Teacher Year 1 Distribution
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Teacher Year 2 Distribution

Figure 16
Teacher Year 3 Distribution
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Meeting the 5th assumption, the Clarity Survey Teacher Descriptive Analysis, Table 9,
shows the mean, standard deviation, kurtosis, and skewness for all 5 dependent variables over all
3 years. Skewness measures the symmetry of the distribution, while kurtosis determines the
heaviness of the distribution tails (Gawali, 2021). The skewness addresses the bell shape
distribution of a normal curve with values between -1 and +1. Kurtosis addresses the bell shape
of normal distribution when the values fall between -2 to +2. All 5 dependent variables in years
1-3 for the teacher groups fall within the acceptable range for skewness and kurtosis when
determining normality. The 5 dependent variables show a normal distribution for each group
(See Figure 17). The normality assumption is also supported by the results of the Shapiro-Wilk
test of normality as shown in Table 10. Shapiro-Wilk is used to address the question of how
likely it is that the observed distribution is normally distributed across the entire population (Van
den Berg, 2022).
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Table 9
Clarity Survey Teacher Normality Assumption
Year 1
Teacher Composite 4
Cs
Communication
Collaboration
Creativity
Critical
Thinking

Year 2

Mean

Standard
Deviation

Kurtosis

Skewness

42.3431
8.6471
9.3333
13.9118

15.7928
3.9064
4.1870
5.3863

-0.1290
0.2430
-0.8850
0.0560

12.1275

6.5229

-0.5730

Year 3

Mean

Standard
Deviation

Mean

Standard
Deviation

Kurtosis

Skewness

Kurtosis

0.0170
0.2590
0.0020
-0.1260

44.3770
9.4590
9.3770
14.5902

15.1912
3.3644
3.9840
5.0937

-0.0750
0.3260
-0.1930
-0.3900

0.2620
0.1460
0.4430
0.3490

43.0000
9.2667
8.9867
14.8133

16.99602
4.4123
4.0219
5.7744

0.5050
1.8200
-0.2340
-0.0480

0.5660
1.0200
0.4210
0.3120

0.0870

10.9508

5.7138

-0.3960

0.0090

9.9333

5.8456

-0.6080

0.2330

Skewness
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Figure 17
Clarity Survey Teacher Normality Distribution

Table 10
Clarity Survey Teacher Shapiro-Wilk Test of Normality

Year
1

2

3

Communication
Collaboration
Creativity
Critical Thinking
4 Cs Composite
Communication
Collaboration
Creativity
Critical Thinking
4 Cs Composite
Communication
Collaboration
Creativity
Critical Thinking
4 Cs Composite

Statistic
0.976
0.975
0.990
0.984
0.993
0.976
0.961
0.971
0.978
0.990
0.931
0.969
0.985
0.972
0.973

Shapiro-Wilk
df
102
102
102
102
102
61
61
61
61
61
75
75
75
75
75

Sig.
0.056
0.049
0.677
0.239
0.851
0.283
0.052
0.165
0.333
0.906
0.001
0.060
0.526
0.090
0.113
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The six and final assumption required to conduct an independent t-Test was met all years
when measuring the homogeneity of variances. As shown in Table 11, Levene’s test for
homogeneity of variances is met when the population variances of two or more groups (Teachers
in years 1, 2) are equal as indicated by a p-value associated with Levene's test is greater than .05
(Kent State University Libraries, 2022). Pairwise dependent variables met the homogeneity of
variances assumptions for teachers in all 3 years (See Table 12).
Table 11
Levene's Test for Equality of Variances
Independent Samples Test

4 Cs Composite
Communication
Collaboration
Creativity
Critical Thinking

Equal variances assumed
Equal variances assumed
Equal variances assumed
Equal variances assumed
Equal variances assumed

Levene's Test for
Equality of Variances
F
Sig.
0.074
0.787
1.896
0.170
0.637
0.426
0.068
0.893
0.080
0.778
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Table 12
Clarity Survey Teacher t-Test Assumptions
Assumptions
1Met for all
Teacher Composite 4 Cs years
Met for all
Communication years
Met for all
Collaboration
years
Met for all
Creativity
years
Critical
Met for all
Thinking
years

Assumptions
2
*

Assumptions 3

*

*

*

*

*

*

*

*

*

Assumptions
4higher than
.05 all years
higher than
.05 all years
higher than
.05 all years
higher than
.05 all years
higher than
.05 all years

Assumptions 5
higher than .05
all years
higher than .05
all years
higher than .05
all years
higher than .05
all years
higher than .05
all years

Assumptions 6
higher than .05
all years
higher than .05
all years
higher than .05
all years
higher than .05
all years
higher than .05
all years

115
All assumptions were met with the teacher data from the Clarity survey in Phase 1,
allowing the t-Test to be performed in this group (See Table 13). The independent samples t-Test
is a parametric test used to compare the means between the 2 independent groups. Specifically,
the researcher was looking to determine whether there was any difference between means in the
two groups, the teacher participants in year 1 and year 2.The independent t-Test was required as
the participants from year to year were part of the same general population, teachers at the
participating high school, but as no unique ID was collected with the survey, the researcher was
unable to track an individual participant from year to year. For this study, the groups from year
to year are the current teaching staff each year at the time of the survey and not the same unique
participants from year to year. The only difference found was the difference between groups in
the Communication variable.
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Table 13
Teacher Independent Sample t-Test When Comparing Years 1 and 2
ANOVA
Sum of
Squares
Between
Groups

Mean
Square

df

30.287

2

15.143

Within
Groups

3661.108

235

15.579

Total

3691.395

237

6.842

2

3.421

Within
Groups

3919.981

235

16.681

Total

3926.824

237

39.116

2

19.558

Within
Groups

6954.347

235

29.593

Total

6993.462

237

35.045

2

17.523

Within
Groups

7482.774

235

31.842

Total

7517.819

237

158.468

2

79.234

60411.32

235

257.069

Total
60569.79
Note: Significant at the p<0.05 level.

237

Communication

Between
Groups

Collaboration

Between
Groups

Creativity

Critical
Thinking

Between
Groups

Between
Groups

4 Cs Composite

Within
Groups

F

Sig.

0.972

0.38

0.205

0.815

0.661

0.517

0.55

0.578

0.308

0.735

Adding the third and final year of data from the Clarity data for teachers required a oneway ANOVA to be performed to compare the effect of the 3 independent variables (years 1-3)
after the implementation of the one-to-one technology initiative on the 5 dependent variable, the
4 C skills and 4 C composite. A one-way ANOVA revealed that there was no statistically
significant difference in the dependent variables between the teacher groups over the 3-year
period (See Table 14). The dependent variable is the teachers’ perceived development of
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students’ competency on the 4 Cs and overall scores. Tukey’s post-hoc test further confirmed
that there was no statistically significant difference across the years (See Table 15).
Table 14
Teacher ANOVA Comparing 3 Years on all 5 Dependent Variables

Communication Between
Groups
Within Groups
Total
Collaboration Between
Groups
Within Groups
Total
Creativity
Between
Groups
Within Groups
Total
Critical
Between
Thinking
Groups
Within Groups
Total
4 C Composite Between
Groups
Within Groups
Total

ANOVA
Sum of
Squares
df
Mean Square
30.287
2
15.143
3661.108
3691.395
6.842

235
237
2

15.579

3919.981
3926.824
39.116

235
237
2

16.681

6954.347
6993.462
35.045

235
237
2

29.593

7482.774
7517.819
158.468

235
237
2

31.842

60411.318
60569.786

235
237

257.069

3.421

19.558

17.523

79.234

F
Sig. (p)
.972
.380

.205

.815

.661

.517

.550

.578

.308

.735

Note: ANOVA = (F(between groups df, within groups df) = [F-value], p = [Sig. (p)]).

These results have a significance level greater than .050, supporting the null hypothesis
that the one-to-one technology tools did not have an effect on the development of the students’ 4
C skills as perceived by the teachers.
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Table 15
Tukey’s HSD Post-hoc Test for Multiple Comparisons, Clarity Teacher Survey Data

Tukey HSD
95% Confidence Interval
Dependent Variable
Communication

Year 1
Year 2
Year 3

Collaboration

Year 1
Year 2
Year 3

Creativity

Year 1
Year 2
Year 3

Critical Thinking

Year 1
Year 2
Year 3

4 Cs Composite

Year 1

Year 2

Year 3

Year 2

Mean
Difference (I-J)
-0.81196

Std. Error
0.63885

Sig. (p)
0.413

Lower Bound
-2.3188

Upper Bound
0.6949

Year 3

-0.61961

0.60038

0.557

-2.0357

0.7965

Year 1

0.81196

0.63885

0.413

-0.6949

2.3188

Year 3

0.19235

0.68053

0.957

-1.4128

1.7975

Year 1

0.61961

0.60038

0.557

-0.7965

2.0357

Year 2

-0.19235

0.68053

0.957

-1.7975

1.4128

Year 2

-0.04372

0.66105

0.998

-1.6029

1.5155

Year 3

0.34667

0.62125

0.842

-1.1186

1.8120

Year 1

0.04372

0.66105

0.998

-1.5155

1.6029

Year 3

0.39038

0.70418

0.844

-1.2705

2.0513

Year 1

-0.34667

0.62125

0.842

-1.8120

1.1186

Year 2

-0.39038

0.70418

0.844

-2.0513

1.2705

Year 2

-0.67840

0.88049

0.721

-2.7552

1.3984

Year 3

-0.90157

0.82747

0.521

-2.8533

1.0501

Year 1

0.67840

0.88049

0.721

-1.3984

2.7552

Year 3

-0.22317

0.93793

0.969

-2.4354

1.9891

Year 1

0.90157

0.82747

0.521

-1.0501

2.8533

Year 2

0.22317

0.93793

0.969

-1.9891

2.4354

Year 2

-0.49984

0.91333

0.848

-2.6541

1.6544

Year 3

0.51765

0.85833

0.819

-1.5069

2.5422

Year 1

0.49984

0.91333

0.848

-1.6544

2.6541

Year 3

1.01749

0.97291

0.549

-1.2773

3.3122

Year 1

-0.51765

0.85833

0.819

-2.5422

1.5069

Year 2

-1.01749

0.97291

0.549

-3.3122

1.2773

Year 2

-2.03391

2.59510

0.713

-8.1549

4.0870

Year 3

-0.65686

2.43883

0.961

-6.4092

5.0955

Year 1

2.03391

2.59510

0.713

-4.0870

8.1549

Year 3

1.37705

2.76439

0.872

-5.1432

7.8973

Year 1

0.65686

2.43883

0.961

-5.0955

6.4092

Year 2

-1.37705

2.76439

0.872

-7.8973

5.1432

Note: (p = [Sig. (p)], 95% C.I. = [lower, upper])
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Although the Clarity instrument collected limited demographic information, the
researcher was able to breakdown the data to analyze any impact that the number of years a
teacher has been working in the profession may have had on their perception of students’
development on the 4 Cs. (See Figure 18). Looking across the mean values of the 4 C skills,
most teachers in the middle of their career, 4-19 years, identified the development of the
students’ 4 C skills across all 5 dependent variables at a higher rate than those teachers at the
beginning or end of their careers.
Figure 18

COLLABORATION

CREATIVITY

35.8378
20 + YEARS

46.1692
10 TO 19 YEARS

48.9242
4 TO 9 YEARS

7.7838
20 + YEARS

COMMUNICATION

3 OR FEWER YEARS

9.4615
10 TO 19 YEARS

10.6667
4 TO 9 YEARS

7.8485
3 OR FEWER YEARS

12.1081

15.6615
10 TO 19 YEARS

20 + YEARS

15.1364
4 TO 9 YEARS

15.3636
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7.4054
20 + YEARS

9.6923
10 TO 19 YEARS

11.2576

8.3939
3 OR FEWER YEARS

CRITICAL THINKING

4 TO 9 YEARS

8.5405

11.3538
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11.8636
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9.8788
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MEAN VALUE

41.4848

Years of Teaching and Mean Values of the 4 C Skills

4 CS COMPOSITE

YEARS OF TEACHING EXPERIENCE

Teacher Group
Beliefs About Technology Survey Data Analysis
The inclusion of the Beliefs About Technology survey (See Appendix E) in this study
served two purposes. It created an opportunity to collect a greater number of demographic details
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to break down the data into more specific groupings and, secondly, it provided a personal
account to gain a qualitative perspective from the participants. The summary results of these
quantitative data found that there were no practical significant differences between the 4 C
dependent variables (See Table 17). Each of the dependent variables, (i.e., communication,
collaboration, critical thinking, and creativity) were represented by five survey questions. These
questions were computed together as a composite variable for each of the 4 Cs and one
composite variable for all 4 C composite variables combined. One notable statistic found the
mean value of collaboration one point higher than the mean values of the other dependent
variables.
Table 16
Teacher Beliefs About Technology 4 C Mean Comparisons

Critical Thinking
Collaboration
Creativity
Communication

N
38
38
38
38

Mean
13.4211
14.5263
13.2105
13.3421

Std. Deviation
2.38952
2.00993
2.56966
2.14698

Maximum
20.00
18.00
19.00
18.00

The results do show some notable differences when breaking the results down by
different demographic factors. Of the teacher participants, 16 reported their gender as man and
22 reported their gender as woman When comparing the means and medians between genders
across the 5 dependent variables, women respondents accounted for both higher mean and
median values across all but one, collaboration, of the dependent variables (See Table 18).

121
Table 17
Beliefs About Technology Teacher Comparison by Gender

Variable
Critical Thinking

Gender Identity
Men
Women
Collaboration
Men
Women
Creativity
Men
Women
Communication
Men
Women
4 C Composite
Men
Women
Note. N = number of responses.

N
16
22
16
22
16
22
16
22
16
22

Mean
.12.6875
13.9545
14.5625
14.5000
12.5000
13.7273
12.5625
13.9091
52.3125
56.0909

Median
13.0000
14.0000
15.0000
14.5000
12.0000
13.5000
13.0000
14.0000
52.0000
57.5000

Standard
Deviation
2.5747
2.1487
2.2202
1.8961
3.3466
1.7233
1.8608
2.2019
8.4120
6.5749

Only the collaboration variable reflected higher mean and median values for men. The 4
C composite mean value was nearly 4 points higher for the women participants than for the men
participants and the median score was 5.5 points higher for women. Splitting the data by the age
of the teachers and focusing on the 4 C composite variable, the means for the youngest group of
teachers at 54.83 was nearly a point higher than the 30-39 age range at 53.571 The middle age
range of 40–49-year-olds trended back up to about 1 point higher in the mean value than the
youngest group. The largest differences appeared in the last two age ranges with 50–59-year-olds
showing in the lowest mean value overall at 52.3000, followed by the overall highest mean value
of 59.2500 calculated for the 60-69 age range (See Figure 19).
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Figure 19
Teacher Age Range comparison of Mean and Median Values on the 4 Cs Composite Variable
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The Beliefs about Technology survey also asked teachers to rate their own skills when
using technology. When comparing how they rated themselves as technology users with their
overall perception on the effect of the one-to-one technology initiatives on the development of
the 4 C skills of students, a majority of the teachers (n=25) reported no impact (See Figure 20).
Twenty-three teachers that self-rated their own technology skills as average and advanced
reported that they did not see any effect from the one-to-one technology initiative on the 4 C
skills of their students. Overall, 6 teachers felt it had a positive effect and 7 teachers shared that it
had negatively affected the students’ 4 C skill development.
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Figure 20
Teacher Self-Reported Technology Skills comparison to One-to-One Effect on 4 C Skills
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Half of the teachers (n=19) believed that technology has increased their effectiveness as a
teacher (See Figure 21). Just over 18% either strongly disagreed or disagree that it had increased
their effectiveness as a teacher. The majority of the teacher participants also agreed or strongly
agreed with the statement that they take risks when using technology with their students and
show them that it is ok to fail (See Figure 22). On the other side of that statement, 39% reported
a level of disagreement.

124
Figure 21
Teacher Self-Rated Effectiveness as a Teacher
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Disagree
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Figure 22
Teacher Willingness to Take Risks
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24%

34%
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The Beliefs About Technology survey also revealed that almost all teachers (n=37) feel
they have the technology skills they need as professionals and are trying to model those skills
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with their students. Some of the teachers felt that this technology has a negative effect and shared
their opinions on student growth in the open-ended qualitative questions.
•

I now spend a great deal of time dealing with tech issues (Participant TE119 ).

•

I believe it has been a detriment to student skills and learning (Participant
TE127).

•

iPad are nothing more than a distraction for most students (Participant TE1334).

•

It has made more work for me as we are now expected to use it (Participant
TE116)..

Far more positive comments were shared however, by teachers that felt this technology was good
for student growth.
•

I have much more flexibility to meet students where they are and provide
instruction in ways that are accessible to a much wider swath of students.
Learning how to use technology well helps to make teaching more successful
(Participant TE106 ).

•

It has helped me create more differentiated instruction (Participant TE131).

•

It has made me think of new ways to teach topics that can be more interactive
with students (Participant TE120 ).

•

It's allowed me to try new things and explore different avenues for instruction. It's
also allowed me to be the student and my students to be the teacher, as there have
been many times I've asked them to find me a technology feature to use for xyz
and they are able to do so (Participant TE102).
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•

The ease of access and use OneNote, Microsoft Teams has made me more
available to my students. It has allowed me to give more detailed feedback and
keep track of my students’ progress (Participant TE109).

The results of this survey showed an overall positive response from the participating
teachers to the one-to-one technology initiative, and many expressed the ways they are seeing
their role change as their students have new opportunities to develop their 4 C skills. There was
also a level of stress and workload concerns reported as they expressed ideas regarding the
pressures to use and support this technology that is part of their classrooms today. This was
shown in the overall impact results reflected by the majority of teachers’ scores between positive
and negative. When asked to rate the overall effect of the one-to-one technology initiative, most
teachers shared that they have not yet seen an impact at all, positive or negative.
Teachers also shared their thoughts on the ways in which students are using technology to
demonstrate their 4 C skills.
•

With the aid of technology, students are more confident and inquisitive students. They
are able to communicate more frequently with staff and peers, they can use
technology to explore and critically think through complex topics, and they can work
on shared documents for increased productivity and share ideas. This is very close to
the kind of work they might do after high school as more companies adopt shared,
cloud-based productivity tools (Participant TE106).

•

Technology for English Language Learners allows for some difficulties and can
sometimes be tough to navigate for our newest students BUT once the students have
the technology it means they go home every day with the ability to keep practicing!
They continue to communicate, critically think with their peers, family or alone with
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their work. It also gives us a bigger opportunity to get creative and allow more
student choice to show how what they are capable of (Participant TE115).
Appendix J shows the demographic details of all participant’s comments shared
throughout this chapter.
Student Group
Clarity Survey Data Analysis
Similar to the analysis of the teacher Clarity Technology and Learning data, the
researcher examined the student data first over years 1-2, before adding the final year data in
Phase 2. As determined in chapter 3, t-Tests were to be performed using the data from years 1
and 2 of the Clarity data to determine if there was a difference between the means of the
independent groups on a continuous dependent variable. Before conducting the t-Tests, the
researcher first needed to determine if the six necessary assumptions had been met. It is
important to again remember that the participating school district shifted to online learning in
March of 2020, year 1 of the one-to-one technology initiative, due to the COVID-19 pandemic.
A mix of hybrid learning (on-site and online classes) were held for most of year 2. The third-year
data were collected during the first full year back to traditional, on-site learning since the launch
of the one-to-one technology initiative.
Assumption 1 was met as the 5 dependent variables (i.e., communication, collaboration,
critical thinking, creativity, and the composite of the 4 Cs) were measured on a ratio scale. The
second assumption requires that the independent variable, in this study that is the year, is
comprised of 2 independent groups and measured on a nominal scale (i.e., Year 1, Year 2). The
third assumption was also met as the two groups, students in year one and students in year two,
were independent groups. The independent groups are defined as groups where no relationship

128
can be determined between the subjects in each sample, including no subject being included in
both groups (i.e., no students were freshmen in year one, could also be freshmen in year 2) (Kent
State University Libraries, 2022).
The fourth assumption refers to the presence of outliers in the distribution of the data.
Phase 1 did reveal outliers in years 1 and 2 in the student population. The box plots in Figure 23
and 24 show the distribution of the data and presence of outliers.
Figure 23
Student Year 1 Distribution of the 4 C Composite Scores
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Figure 24
Student Year 2 Distribution of the 4 C Composite Scores

The fourth assumption was not met with the presence of outliers in the student group.
The fifth assumption, the normality assumption, was also not met as shown by the results
of the Shapiro-Wilk test of normality shown in Table 19. Shapiro-Wilk is used to address the
question of how likely it is that the observed distribution is normally distributed across the entire
population (Van den Berg, 2022).
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Table 18
Clarity Student Data Normality Assumption Years 1, 2, 3
Year
Statistic
Communication

Collaboration

Creativity

Critical Thinking

4 C Composite

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

0.97
0.975
0.972
0.984
0.984
0.977
0.992
0.993
0.992
0.972
0.976
0.963
0.996
0.997
0.995

Shapiro-Wilk
df
1225
1102
1039
1225
1102
1039
1225
1102
1039
1225
1102
1039
1225
1102
1039

Sig.
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
0.004
0.015
<.001

In another examination of the 5th assumption, the Clarity Survey Student Descriptive
Analysis table below, Table 20 shows the mean, standard deviation, kurtosis, and skewness for
all 5 dependent variables over all 3 years. The skewness addresses the bell shape distribution of a
normal curve with values between -1 and +1. Kurtosis addresses the bell shape of normal
distribution when the values fall between -2 to +2. The researcher checked the assumptions both
prior to conducting the t-Tests for Phase 1 and again before running the ANOVA for Phase 2. All
5 dependent variables in years 1-3 for the student groups did fall within the acceptable range for
skewness and kurtosis when determining normality.
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Table 19
Clarity Student Data Normality Assumption Over 3 Years
Year 1

4 C Composite
Communication
Collaboration
Creativity
Critical Thinking

Mean
56.6506
7.4016
9.9265
14.9437
24.3788

Standard
Deviation
18.4728
4.2993
3.8140
5.2069
9.0782

Kurtosis
-0.0380
-0.2850
-0.1120
-0.1140
-0.5370

Year 2
Skewness
0.0320
0.4620
0.2290
0.0540
-0.3930

Mean
55.6116
7.2595
9.8294
14.2387
24.2840

Standard
Deviation
18.0722
4.1133
3.7844
5.2327
8.8684

Kurtosis
-0.2500
-0.1820
-0.0350
-0.2380
-0.5820

Year 3
Skewness
0.0780
0.4260
0.2440
0.1090
-0.3170

Mean
60.5294
8.2146
10.9066
15.9490
25.4591

Standard
Deviation
19.3173
4.6809
4.0295
5.1979
8.9150

Kurtosis
-0.3330
-0.6420
-0.5470
-0.1970
-0.3060

Skewness
-0.0770
0.2840
0.2060
-0.0800
-0.5320
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The sixth assumption of homogeneity of variance was not met when analyzing the
student Clarity data. When adding the 3rd year of data in Phase 2, significantly higher means
resulted when comparing both year 1 and year 3 (See Tables 21 and 22). The two-sided p was
not higher than .05 for all but one of the 5 variables. Critical Thinking was the only variable that
met the assumption. Statistically significant differences between year 2 when compared to year 3
were also shown in the means calculations of the dependent variables. With the 6 th assumption
not met (See Table 23), the researcher had to change the analysis planned for in chapter 3 and
could no longer run a one-way ANOVA test to analyze the student data. The researcher instead
needed to perform a non-parametric test.
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Table 20
Student t-Test for Equality of Means, Independent Sample Two-Sided P, Years 1 and 3
Significance
Communication

Collaboration

Creativity

Critical Thinking

4 Cs Composite

One-Sided p
<.001

Two-Sided p
<.001

Mean Difference
-0.81300

Std. Error
Difference
0.18888

Equal variances not
assumed

<.001

<.001

-0.81300

0.19020

Equal variances
assumed

<.001

<.001

-0.98011

0.16509

Equal variances not
assumed

<.001

<.001

-0.98011

0.16584

Equal variances
assumed

<.001

<.001

-1.00532

0.21943

Equal variances not
assumed

<.001

<.001

-1.00532

0.21940

Equal variances
assumed

0.002

0.004

-1.08032

0.37974

Equal variances not
assumed

0.002

0.004

-1.08032

0.37917

Equal variances
assumed

<.001

<.001

-3.87874

0.79565

Equal variances not
assumed

<.001

<.001

-3.87874

0.79857

Equal variances
assumed
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Table 21
Student t-Test for Equality of Means, Independent Sample Two-Sided P, Years 2 and 3
Significance
Communication

Collaboration

Creativity

Critical Thinking

4 Cs Composite

One-Sided p
<.001

Two-Sided p
<.001

Mean Difference
-.95510

Std. Error Difference
.19017

Equal variances not
assumed

<.001

<.001

-.95510

.19090

Equal variances
assumed

<.001

<.001

-1.07724

.16887

Equal variances not
assumed

<.001

<.001

-1.07724

.16918

Equal variances
assumed

<.001

<.001

-1.71033

.22554

Equal variances not
assumed

<.001

<.001

-1.71033

.22550

Equal variances
assumed

0.001

0.002

-1.17507

.38447

Equal variances not
assumed

0.002

0.002

-1.17507

.38453

Equal variances
assumed

<.001

<.001

-4.91774

.80806

Equal variances not
assumed

<.001

<.001

-4.91774

.80965

Equal variances
assumed
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Table 22
Clarity Survey Student t-Test Assumptions

4 C Composite
Communication
Collaboration
Creativity
Critical Thinking

Assumptions
1
Met
Met
Met
Met
Met

Assumption
2
Met
Met
Met
Met
Met

Assumption
3
Met
Met
Met
Met
Met

Assumption
4
Not Met
Not Met
Not Met
Not Met
Not Met

Assumption
5
Not Met
Not Met
Not Met
Not Met
Not Met

Assumption
6
Not Met
Not Met
Not Met
Not Met
Met

Before performing the selected non-parametric test, Kruskal-Wallis H test, it was
necessary assure the data met the four assumptions required to use this test. The first assumption
was met as the dependent variables are measured on an ordinal scale. The independent variables,
the years, are also independent groups, meeting the second assumption. Thirdly, there is no
relationship between the groups in a single year meaning no student will be counted as part of a
group more than once each year. Lastly, assumption four is met as the distribution of each group
is the same shape when graphing their medians While the Kruskal-Wallis H test does not assume
normality and is much less sensitive to outliers, it must display the same shape or same
variability among the distribution groups (Statistics How To, 2022).
With these assumptions met, the researcher conducted the non-parametric, KruskalWallis H test. This test assesses whether the median rank scores of a categorical variable, in this
study that variable is the year, differs between more than two groups, testing the null hypothesis
of no difference between the mean ranks. Kruskal-Wallis H test is generally considered the nonparametric alternative to the one-way ANOVA, an option used when the data fails the
assumptions of the one-way ANOVA due to non-normal distribution (Laerd Statistics, 2013).
The student data set in year 3 failed to meet the assumption for a one-way ANOVA by showing a
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non-homogenous distribution. The Kruskal-Wallis H test showed that the integration of the oneto-one technology tool (iPads) significantly affected how the students perceived the development
of their 4 C skills, H(2) = 38.378, p = <.001. The students perceived the development of their 4
C skills lower in year one (Mdn rank= 56.00) and year two (Mdn rank =55.00) than they did by
year three (Mdn rank = 61.00) of the one-to-one technology initiative.
The results of this Kruskal-Wallis H test show the medians for each dependent variable in
the pairwise comparisons of each year. The 4 Cs composite variable shows significant difference
between years 2 and 3 as show in Figure 25 below. It also shows that the median from year one
to year 2 dropped slightly before increasing in year 3 (See Figure 26).
Figure 25
Four Cs Composite Variable Across Three Years
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Figure 26
Four Cs Independent-Samples Median Test

In addition to the 4 Cs composite variable, the test shows statistically significance
differences between years 1 and 2 compared to year 3 on all 5 dependent variables including
communication, collaboration, creativity, critical thinking (See Figure 27). It also shows
significant differences between years 1 and 2 on creativity.
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Figure 27
Dependent Variable Pairwise Comparison by Year

These results reject the null hypothesis with a significance level smaller than 0.05, supporting the
alternative hypothesis that the one-to-one technology initiative did have an effect on the
development of the students’ 4 C skills as perceived by the students across time.
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Student Group
Beliefs about Technology Survey
The Beliefs about Technology survey results from students were very much in line with
the student results on the Clarity survey. Students reported greater gains in growth and in their
personal technology skills. The students rated themselves from Average to Expert in assessing
their own technology skills, with no student feeling that they were at the beginner stage. The also
reported an overall positive effect from the one-to-one technology initiative on their 4 C skills
across all ranges of their personal technology skill level ranging from Average, to Advanced, to
Expert (See Figure 28). Over 90% of students (n=52) felt the technology initiative had a positive
effect on their 4 C skill development compared to nearly 16% (n=6) of their teachers (See Table
23).
Figure 28
Student Self-Reported Technology Skills Comparison to One-to-One Effect on 4 C Skills
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Table 23
Students and Teachers Perceived Impact of iPads on the 4 C Skills Development

The survey included 4 questions that directly asked students to rate their own skills when
using technology for communication, critical thinking, collaboration, and creativity respectively.
Only 3 students rated themselves as Beginners in any of the 4 C skills with a majority reporting
their skills as Expert across all 4 C skills (See Figure 29).
Figure 29
Student Self-ratings When Using Technology to Perform the 4 C Skills
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These results were echoed when the questions pertaining to each C was computed into 4
composite variables, one for each of the 4 C skills, and one composite that combined all 4 C
composites. When the mean values of the 4 C composite variable were calculated, all students
felt they were Average to Expert in all the 4 C skills, with a majority composite mean value
highest for those rating themselves as Experts (see Figure 30).

Figure 30
Student 4 C Composite Mean Values
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The data were also analyzed to determine if there were any difference between genders
when students reported their technology skills. Boys rated themselves as Expert (n=13) much
more frequently than the girls (n=8) (See Figure 31). Girls split their frequencies between
Average (n=16) and Advance (n=17). Only 8, about half as many as in the previous 2 categories
rated themselves as Expert.
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Figure 31
Student Self-Reported Technology Skills Across Gender
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Overall, students were much more positive about the effects of the one-to-one technology
initiative and the effect it had on their 4 C skills than their teachers. Students reported a higher
level of technology skills overall and when asked specifically about each of the four dependance
variables. The mean composite values calculated when the five questions that represented each
of the 4 C skills were combined for a composite variable reflected the same results as the
questions that directly referenced communication, collaboration, critical thinking, and creativity
respectively.
Students shared mostly positive comments when describing how the one-to-one technology
initiative has impacted teaching and learning at their school.
•

I can do my homework at any time, I can email teachers easier, it also makes doing /
finding things easier because it’s all pretty much on the iPads (Participant ST140).
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•

It gives kids more personal freedom and access. I see it as a critical part of the school’s
future (Participant ST151).

•

One to one technology has impacted high school positively. It gives each student the
ability to grow as creatively, as a communicator, and many other ways (Participant
ST140).

•

I think learning has improved a little because there are more options to branch out, as
well as teaching (Participant ST157).

•

It gave me the ability to be able to learn new things (Participant ST113).

•

Excessive screen time has negative health benefits and many kids I know (including me)
suffer from migraines, headache, sensitive eyes, etc. and the iPads are only hurting them
(Participant ST119).

•

The one-to-one technology initiative has completely impacted my learning and the way. I
no longer use hands on learning utensils like pen and paper as much as I might have
liked. A majority of my notes are taken on the iPad. My exams, quizzes, papers, and
projects are all done on the iPad as well (Participant ST142).

Secondary Research Question 2
What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of collaboration skills while accounting for students’ demographics?
Teacher Group Collaboration
The secondary research questions focus on each of the individual 4 C skills as the sole
dependent variable. The inclusion of these research questions allowed for a deeper analysis of
the specific skill to determine if, when looked at alone, any significant differences could be
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determined. When analyzing the teachers’ perceptions of the students’ collaboration skills, the
researcher found that as teachers reported that they more frequently practiced collaboration with
their peers, they also perceived a higher degree of collaboration skills exhibited in their students.
Both the mean and media values of the teachers’ perceived collaboration skill in students
increased as the frequency of their reported collaboration increased (See Figure 32).
Figure 32

Teachers' Perveived Collaboration Skills in
Students

Teacher Collaboration Frequency vs. Perceived Student Collaboration
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Note. n = number of responses.
No other notable differences were found when analyzing the teachers’ perceptions of the
development of the collaboration skills of students in the Clarity survey data. However, when
analyzing the Beliefs about Technology survey results, teachers did cite collaboration in their
comments on 5 occasions in the over 100 comments. They reported increases in student
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collaboration with the increased use of the one-to-one technology tools. The technology allowed
students to collaborate online through shared documents and discussion boards (Participant
TE126).
Disaggregating the data by the age range of teachers also showed collaboration as both
having the highest mean and median values across the age ranges but also showed the most
consistent results among the age groups. Collaboration revealed the smallest fluctuations in the
mean and median values across the age groups when compared with the other dependent
variables (See Figures 33 - 36).
Figure 33
Teacher Collaboration Mean and Median Across Age Range
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Figure 34
Teacher Critical Thinking Mean and Median Across Age Range
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Figure 35
Teacher Creativity Mean and Median Across Age Range
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Figure 36
Teacher Communication Mean and Median Across Age Range
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Many teachers shared comments regarding the use of technology and the role it has played in
student collaboration.
•

I think the biggest advantage the one-to-one devices has been that students can
collaborate and use different programs to be creative in alternate ways to show mastery
of material (Participant TE113).

•

It has greatly improved communication and collaboration. Students are more willing to
email and communicate with teachers. They also can collaborate on projects as they all
have access with the one-to-one. It has brought more equality to those issues (Participant
TE123).
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•

There are ways to collaborate with others without being in person together (Participant
TE107).

Student Group Collaboration
The student groups reported a solid confidence level in their collaboration skills both
when self-rating their own skills and when the data was analyzed from both the Clarity and
Beliefs About Technology surveys. Figure 37 shows the response frequencies of the
collaboration variable skew toward the higher mean values.
Figure 37
Student Collaboration

This confidence in their collaboration skills was echoed in the Beliefs about Technology
survey as nearly half of the students, 46%, considered themselves Experts when using
technology to collaborate (See Figure 38).
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Figure 38
Student self-rated Collaboration Skills using Technology
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When analyzing the composite collaboration mean values, no student reported their skills
at a beginner level while a majority of students felt they were Experts when using technology to
collaborate (See Figure 39).
Figure 39
Student Composite Collaboration Means Comparison
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The collaboration skills of students did not significantly change over the 3-year study
period as only a slight significance was calculated on the pairwise comparison between years 1
and 2 when compared with year 3 year of the Clarity data (See Figure 40).
Figure 40
Student Collaboration Independent-Samples Median Test

Students shared their perspectives on how they use technology to collaborate in the openended questions.
•

We can collaborate with our peers easier, through shared documents (Participant
ST126).

•

Through the use of online projects, students learn how to collaborate better (Participant
ST151).
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Secondary Research Question 3
What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of communication skills while accounting for students’
demographics?
Teacher Group Communication
Communication values tended to be the lowest overall when comparing the 4 C variables.
Discussions on potential causes are presented in chapter 5. Table 24 shows the Tukey HSD
comparison for the communication composite mean values for each year. While significant
changes were not discovered, the communication value did increase the most between years 1
and 2 with a decrease in year 3 when students returned to traditional, onsite learning (See Figure
41).
Table 24
Teacher Communication Composite Comparison over 3 years
Communication Composite
Tukey HSD

a,b

Subset for alpha = 0.05
1

Year
N
100
102
8.6471
300
75
9.2667
200
61
9.4590
Sig.
.415
Note: Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 75.890. b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error levels are not guaranteed.
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Figure 41
Teacher Communication Mean Values Over 3 Years
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There were no notable differences in the overall data analysis on communication when
looking at the Beliefs about Technology data for teachers. One notable insight was a nearly oneand-a-half-point difference in the mean value of communication when comparing male and
female teachers as shown in Figure 42 (Men, M = 12.56, SD = 1.86, Women, M = 13.90, SD =
2.2.19).
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Figure 42
Gender Comparison on Teacher Communication Variable

Men

Women

Teachers commented on the students’ communication skills for tasks such as emailing
teachers with questions, sharing concerns and ideas in a safe space using online communication
tools, and an overall ease of communication with the availability of technology. Communication
was the most frequent skill (n=12) mentioned when teachers were asked about the impact of the
technology tools on the students’ 4 C skills. Some of the comments that teachers shared
included:
•

It has made communication easier for them because they can e-mail their teachers easily
(Participant TE123).

•

It has allowed students to have a means of communication with teachers and fellow
students (Participant TE116).
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•

The biggest areas of growth that I've seen are in Communication and Collaboration for
my students (Participant TE132).

Student Group Communication
Students also scored themselves highly in the area of communication as was reflected on
the analysis from both surveys. Analysis of the Clarity data in Table 25 below shows students
perceived a significant difference in their communication skills upon return to a traditional
school setting in year 3.
Table 25
Student Pairwise Comparison of Communication by Year
Pairwise Comparisons of Year
Sample 1-Sample 2
Test Statistic
Sig.
Adj. Sig.a
100-200
.059
.808
1.000
100-300
15.950
<.001
.000
200-300
13.412
<.001
.001
Note: Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the
same. Asymptotic significances (2-sided tests) are displayed. The significance level is .050.
a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

The perceived level of students’ communication skills was also shown in the Beliefs
about Technology survey as nearly 75% rated themselves as Advanced (n=21) or Experts (n=22)
in communication skills when using technology (See Figure 45). This figure shows the frequency
of responses to the direct question on the Beliefs About Technology survey that asked them to
rate their communication skills when using technology.
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Figure 43
Student Self-Reported Communication Skills
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When responding to the five questions that indirectly ask them about their
communication skills that make up the communication composite variable, the mean values were
highest for those that perceived they were Advanced or Experts when using technology to
communicate (See Figure 44).
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Figure 44
Student Communication Composite Means Comparison
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Students shared their thoughts on how the iPads have impacted their communication
skills with tasks such as ease of emailing their teachers and peers 24/7, as well as the numerous
options to communicate such as emails, video conferencing (Teams), and messaging through the
Learning Management System (i.e., Schoology).
Secondary Research Question 4
What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of creativity skills while accounting for students’ demographics?
Teacher Group Creativity
Teachers’ perceptions of creativity reported the lowest mean value (M = 13.21) among
the 4 C variables in the Beliefs about Technology survey (See Table 26). When comparing the
level of agreement teachers shared about technology increasing student engagement, to the 4 C

157
composite variables, there were greater differences between those that agreed or were neutral
that technology increased engagement than those that disagreed with the statement when
analyzing across all 5 dependent variables (See Figure 45).
Table 26
Teacher Creativity Mean Values Over 3 Years

Critical
Thinking Collaboration
13.4211
14.5263

Mean
N
Std. Deviation

Four C s
Creativity
Communication Composite
13.2105
13.3421
54.5000

38
2.38952

38
2.00993

38
2.56966

38
2.14698

38
7.53640

24.00

20.00

30.00

25.00

94.00

Maximum
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The comments shared by teachers in the Beliefs about Technology survey mentioned
creativity in both positive and negative contexts.
•

It's (one-to-one technology initiative) promoted creativity and collaboration among all of
my students, which has resulted in more meaningful and detailed conversation at times
(Participant TE102).

•

…most importantly it allows the opportunity to express their thoughts in new ways and
show their creativity in new and exciting ways (Participant TE120).

•

I believe it has been a hinderance to creativity and critical thinking (Participant TE133).

Student Group Creativity
Students perceived a decrease in their creativity skills between year 1 and year 2, similar
to their teachers. The pairwise comparison in Figure 48 reflects a statistically significant
difference between years 1 and 2, years 2 and 3, in addition to years 1 and 3.
Figure 46
Student Creativity Pairwise Comparison Across 3 Years
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The box plot in Figure 47 shows a decrease in the median of student perceived creativity
skills in year 2 with a rebound back up above the year 1 level by year 3.
Figure 47
Student Creativity Independent-Samples Median Test

In analyzing the Beliefs about Technology data, more than half of the students (n=34)
perceived their creativity skills at an expert level as see in Figure 48. Analyzing the mean value
of creativity by gender revealed that boys scored nearly 3 points higher than girls in the
perceived effect of the one-to-one technology on the development of their creativity skills (See
Figure 49).
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Figure 48
Student Self-Reported Creativity Skills
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Figure 49
Student Creativity Mean Value by Gender
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The creativity comments included in the student responses mentioned the opportunities
the iPads offer for creative expression through various apps, online ideas and examples, and
electronic tools that were not available previously. One student shared a negative impact on
creativity because of the iPads, since all the ideas I could possibly need are at my fingertips, I
would say it feels like at times, the iPads limit my creative skills (Participant ST110). The mean
value of creativity dropped nearly a point between year 1 and year 2 (See Table 27). A detail to
note is that this was year that the school transitioned to online and hybrid learning due to the
COVID-19 pandemic.
Table 27
Student Creativity Mean Values Over 3 Years
Group Statistics
Variable
Communication
Collaboration
Creativity
Critical Thinking
Four C s Composite

Year
Year 1
Year 2
Year 1
Year 2
Year 1
Year 2
Year 1
Year 2
Year 1
Year 2

N
Mean
1225
7.4016
1102
7.2595
1225
9.9265
1102
9.8294
1225
14.9437
1102
14.2387
1225
24.3788
1102
24.2840
1225
56.6506
1102
55.6116

Std.
Maximum
Deviation
18.00
4.2993
18.00
4.1133
19.00
3.8140
19.00
3.7844
27.00
5.2069
27.00
5.2327
39.00
9.0782
39.00
8.8684
103.00
18.4728
103.00
18.0722

Secondary Research Question 5
What is the effect of the one-to-one technology initiative implemented in grades 9-12 on
students’ development of critical thinking skills while accounting for students’
demographics?
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Teacher Group Critical Thinking
The Clarity data analysis revealed the critical thinking variable was the only one of the 4
C skills to decrease in mean value by over a point from year 2 to year 3 as perceived by the
teachers (See Table 28). This decrease aligns with students coming back to the traditional school
environment. Communication and Collaboration also saw slight decreases as perceived by
teachers in year 3. Only creativity grew during the 3rd year of the one-to-one technology
initiative.
Table 28
Teacher 4 C Composite Mean Comparison Year 2 to Year 3

Year
Communication Year 2
Year 3
Collaboration
Year 2
Year 3
Creativity
Year 2
Year 3
Critical Thinking Year 2
Year 3

N
61
75
61
75
61
75
61
75

Mean
9.4590
9.2667
9.3770
8.9867
14.5902
14.8133
10.9508
9.9333

Std.
Deviation
3.36439
4.41231
3.98398
4.02188
5.09371
5.77435
5.71380
5.84561

Std. Error
Mean
.43077
.50949
.51010
.46441
.65218
.66676
.73158
.67499

Maximum
18.00
25.00
20.00
20.00
27.00
30.00
24.00
23.00

Teachers’ perceptions of the students’ critical thinking skills varied when analyzed across
the different teacher age ranges in the Beliefs About Technology data. Figure 50 below shows
how the mean values fluctuated up and down as the age range of teachers increased. The
difference between the mean and median values suggests a skewed distribution, alternating
between a positive and negative skew as the mean and median move from one side of the center
to the other.
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Figure 50
Critical Thinking Composite Mean and Median Across Age Ranges
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The comments teachers associated with critical thinking include ideas that the iPads allow
more equitable access to resources and encourages students to go deeper into their understanding
of content. In contrast, some teachers felt the technology has created an environment that hinders
critical thinking by making access too easy, removing the need to think independently.
•

They can use technology to explore and critically think through complex topic
(Participant TE106 ).

•

Easy access to information has decreased students' willingness to think critically
(Participant TE119 ).

Student Group Critical Thinking
The Clarity data analysis on the critical thinking variable showed it was the only variable
that did not generate a statistically significant difference between years 1 and 3 on the pairwise
comparison as seen in Figure 51. The Kruskal-Wallis H test summary in Table 29 shows that the
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perceived effect of the one-to-one technology initiative only significantly impacted the critical
thinking variable between years 2 and 3 where H = 7.847, p = 0.020, (Mdn rank= 25.00).
Figure 51
Student Critical Thinking Pairwise Comparison Across 3 Years

Table 29
Student Kruskal-Wallis Test on Critical Thinking

Independent-Samples Median Test Summary
Total N

3366

Median

25.000

Test Statistic
Degree Of Freedom
Asymptotic Sig.(2-sided test)

7.847
2
.020

In the Beliefs about Technology survey, half of the students (n=29) rated themselves as
experts when using technology to think critically (See Figure 52).
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Figure 52
Student Critical Thinking Self-Assessment
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Comments regarding how technology has affected their critical thinking was a mix of
positive and negative points from the senior students in Phase 3. Some felt the iPads were a
resource that granted everyone equal access to the information they needed to process as always
being quickly accessible. Other felt the access to the “right” answers hampered their ability to
practice thinking critically when solutions were so readily available.
•

Critical thinking is easier because I can search new and different viewpoints
online (Participant ST105).

•

Critical thinking- we can find a lot of info online, so it helps us to critically think
what is true or false (Participant ST108).

•

When it comes to my critical thinking skills, I think the iPads have had a negative
Impact on its developments. Since all the answers I could possibly need is at my

166
fingertips, I have felt the need to develop my critical thinking skills (Participant
ST110).
Conclusion
The purpose of this quantitative study was to conduct a program evaluation to determine
the effects of the implementation of a one-to-one technology initiative on the development of the
4 C skills of high school students at a midsize high school in a suburban North Dakota city. This
study performed causal-comparative research analyzing 8 data sets during a three-phase analysis
process. The first two phases explored existing, longitudinal data from the Clarity Technology
and Learning surveys administered to both high school teachers and students over the three-year
duration of the one-to-one technology initiative. The use of these longitudinal data provided a
consistent data stream to analyze changes from the start of the program through year three,
focusing on perceived changes in the development of the 4 C skills of students. The most current,
final year of data included the perceived effects of the one-to-one technology initiative following
the shutdowns and distance learning environment resulting from the COVID-19 pandemic.
The inclusion of Phase III added a qualitative perspective to this study by providing
teachers and students an opportunity to share their opinions through 3 open-ended narrative
questions. The Beliefs about Technology survey focused on more detailed demographic
information from the teachers and students along with descriptive data and open-ended
questions.
This study found that teachers did not perceive an effect on the development of 4 C skills
of students in response to the implementation of the one-to-one technology initiative. The
ANOVA test results supported the null hypothesis that there was no effect. Teachers did find
value in the technology tools overall, noting the ease of communication, increased collaboration
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opportunities, more tools to create, and a more equitable learning environment to extend
resources outside of the school building and school hours. Teachers also shared their
appreciation of the device implementation as critical during the changes in learning brought on
by the COVID-19 pandemic. While not perceived as having a negative impact on the
development of the students’ 4 C skills, a majority of teachers responded that they felt the oneto-one technology initiative had no impact on the 4 C skills of their students.
Students, on the other hand, had a much more positive perspective of the effects the oneto-one technology initiative had on their 4 C skill development. A majority of students perceived
the affect as positive to teaching and learning at their high school. They also viewed their
technology skills overall more advanced. The analysis of the students’ perceived effects across
all 4 C skills showed a statistically significant difference in the composite mean values. While
teachers did not identify the same increase in skills after returning to a more traditional
educational environment in year 3, students reported stronger skills and growth in their own
skills during the duration of the initiative.
Additional research is recommended to follow the longitudinal effects over a longer
period of time, especially one that is uninterrupted by changes to the educational experience. The
next chapter provides an interpretation of the results, discusses the limitations of this study,
examines the implications of the results, and recommends future suggestions for further studies.
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CHAPTER 5
Discussion
Educational technology has changed classrooms in ways we could never have imagined
and at a pace we have never experienced before. This is forcing administrators and educators to
continually learn new ways to implement these technology tools to enhance student learning and
increase equity among all students. Technology is not new to education but the resources and
tools available continue to evolve exponentially. When referring to new technology in schools
today, most schools define the use of a personal learning device (i.e., laptops, tablets) for each
student. Schools implementing these new technology initiatives are trying to prepare students for
the global society with the skills necessary to succeed. Existing research focuses on grades and
formal assessments to determine these initiatives' impact on student learning. Focusing on the 4
C skills, essential to 21st century learning, is key to the future of our students.
The focus of this study was to explore the development of the perceived 4 C skills of
students with the implementation of one-to-one technology tools. These 4 C skills include
Communication, Collaboration, Critical Thinking, and Creativity. They are part of a set of nonacademic skills referred to as soft skills that are increasingly being asked for by today’s
employers.
“Today’s continually changing economic environment forces enterprises to be more
flexible, which also impacts ideal employees’ profiles and requires from them well–
established abilities to adapt to various functions. It can be noticed that more and more
often, mobility in the labor market depends not only on the technical knowledge of a
specified profession but mainly on soft skills” (Dhawan, 2020, p. 4).
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Research has indicated a growing need for soft skills as critical to and organization’s
success and in employees success in the labor market (De Villiers, 2010; DeLange et al., 2006;
Mitchell et al., 2010; Robles, 2012). This supports the necessity of including the development of
the 4 C skills in education. Pressure to develop a competitive workforce and technology
advances have led to expectations that graduates demonstrate additional skills with increasing
importance given to nonacademic skills that support the successful use of the knowledge gained
through education (Kavanagh & Drennan, 2008).
Approximately one month after the first Clarity survey was administered in the winter of
2020 at the participating high school, educational institutions across the world were shut down
due to the COVID-19 pandemic. The Clarity Technology and Learning instrument was
administered online using a Bright Bytes survey tool, contracted through the participating school
district. The COVID-19 pandemic led to a sudden closure of schools in 2020, affecting more
than 1.6 billion students in over 190 countries (UNESCO, 2022). UNESCO reported that the
shutdown required teachers, students, and parents to rapidly adopt to distance learning
environments, lasting from a few weeks to several months, relying on the use of technology.
North Dakota researchers working through the ND Compass project (2022) reported a decrease
in the number of days ND students had contact with their teachers as show in Figure 53. They
also found that adults in households with children reported students spent less time on learning
before COVID-19 when comparing Fall 2020 to Winter 2021 (See Figure 54).
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Figure 53
North Dakota Student Live Contact Time with Teachers

North Dakota Compass, 2022
Figure 54
North Dakota Student Time Learning Relative to Pre-COVID-19

North Dakota Compass, 2022
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The complete consequences of this disruption to education will take years or even
decades to fully understand. The COVID-19 pandemic has changed the way people receive and
impart education. Advances in educational technology proved immensely useful during this
pandemic (Dhawan, 2020). “COVID-19 challenged and transformed the way high schools are
now functioning, by forcing learning technology to advance rapidly, having to introduce and
create new ways of learning, and adjusting the education system to the new norms of our
society” (Kostecki, 2021, p. 4). The schools that had technology tools in their students’ hands
prior to the pandemic were better able to shift their learning environments than those that could
not guarantee that their students could access the tools they needed. Schools that also provided
access to the internet set themselves ahead of those that were not able to provide internet services
for their students. Researchers Gross and Opalka (2020) found that nearly 90% of principals
reported that students in their schools lacked internet access and 40% reported that access to
technology and/or internet was also a barrier for their teachers. According to the Clarity data,
nearly all students (99%) reported having access to the internet at home by the final year of the
study according to the Clarity data. A slight increase of 3% more students reported having
internet access at home from year 1 to year 3 (See Figure 55).
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Figure 55
Student Home Internet Access Over 3 Years

Note: “Student Wireless Network Connectivity at Home” via Bright Bytes, Inc. (2022) Clarity™
Technology & Learning Retrieved from: 21st Century Learning Report.
The purpose of this study was to evaluate the one-to-one technology initiative of the 9-12
grade implementation. An objectives-based evaluation model was be used to analyze a
longitudinal perspective to review the implementation for future planning and continuous
improvement. COVID-19 provided an additional factor that forced both teachers and students to
use their newly acquired one-to-one technology tools faster and more extensively than
anticipated. The immersion into the new learning environments were captured in the pre and
post COVID-19 experiences shared through the student and teacher data collected over the 3year survey period. This chapter provides a summary of the findings, implications for practice,
limitations, and recommendations for future research.

173
Research Questions
The research questions outlined in this study consist of a primary research question that
focuses on the development of the 4 C skills of students, supported by four secondary research
questions that detail each of the 4 C skills individually.
Primary Research Question
R1 - What are the effects from the implementation of the one-to-one technology initiative
in grades 9-12 on students’ 4C skills development as perceived by teachers and students?
Secondary Research Questions
R2 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of collaboration skills while accounting for
students’ demographics?
R3 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of communication skills while accounting for
students’ demographics?
R4 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of critical thinking skills while accounting for
students’ demographics?
R5 - What is the effect from the implementation of the one-to-one technology initiative in
grades 9-12 on students’ development of creativity skills while accounting for students’
demographics?
Summary of Study Methodology
This study was conceptualized within a post-positivist paradigm. The purpose of this
causal-comparative study was to employ a quantitative approach to determine the impact of the
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implementation a one-to-one technology initiative on the development of the 4 C skills of high
school students at a midsize high school in a suburban North Dakota city. The one-to-one
technology initiative was launched at the participating high school in August 2018. It involved
assigning each student an iPad tablet to support their educational growth. Students were issued
these devices in a protective case, along with a digital stylus.
Designed from a realist ontology, this study focused on identifying the overall existence
of the phenomenon in a high school setting. This created a clear structure for the research while
maintaining distance and neutrality. The researcher employed objectivism as the
epistemological stance. Crotty defined an objectivist epistemology as one believes that the mind
of that meaning exists apart from the form of the objects being studied (1998). The researcher
looked for the impact of the one-to-one technology initiative (as realities exist in the world) on
the development of the 4 C stills of students in grades 9-12.
The theoretical framework used in this study was an objectives-based evaluation model
used to provide timely evaluative information and inform practice moving forward from the
initiative phase through implementation and continuous improvement of the program. The
objectives-based approach identifies the proposed program’s objective and determines if, or to
what extent, these objectives have been met. There were no specific expectations regarding the
implementation phases of the One-to-One Technology Initiative or specific measures in place to
evaluate the impact of the initiative on the 4 C skills of 9-12 grade students. The overarching
goal of the participating district’s one-to-one initiative, as shared with the school board during a
presentation in April 2018, was to create a 21st century learning experience for all students that
supports the academic literacy and prepares them for college, career, and life. The objective
program evaluation model stresses the use of setting goals and objectives that are logical,
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scientifically acceptable, and adoptable by evaluators (Tyler, 1949). Without clear and
measurable program objectives, this study used a goal-free evaluation approach. This approach
did not use evaluation objectives but instead was guided by the idea that there are many
findings and outcomes that do not fall within the stated goals and objectives. The 4 C skills are
part of the larger Profile of a Graduate (See Appendix C) requirements for high school students,
they are not specifically defined as a program objective of the one-to-one technology initiative.
The Profile of a Graduate student portfolio is currently completed and assessed through senior
English courses during the final semester prior to graduation. Using the goal-free program
evaluation model, the researcher was able to provide insight regarding the efficacy of the oneto-one technology initiative, specifically on the impact of the one-to-one technology initiative in
developing the 4 C skills of students. Worthen (1990) first suggested the idea of “goal-free”
evaluations as a model that not only ignored the programs goals but when out of the way to
avoid learning them. He felt these allowed findings to be based on the actual outcomes instead
of the outcomes set out in advance. “Goal-free evaluation can benefit programs because it is
more likely to identify unintended positive and negative side effects simply because the method
allows for and encourages a broader range of outcomes as well as serendipitous outcomes”
(Thiagarajan, 1975, p. 38). This one-to-one technology initiative did not set out clear or
measurable objects when launching the initiative. This led the researcher to implement a goalfree evaluation model as the theoretical framework for this study to allow for the inclusion of all
outcomes identified.
This research was designed as a non-experimental model that attempted to identify any
differences and the potential cause of those differences between groups that already existed.
This research design considered the fact that the independent variable, the one-to-one
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technology initiative, is already in place. This was ex post facto research as the one-to-one
technology initiative launched in the fall of 2019, five months prior to the start of this study.
Like correlational studies, this study attempted to understand any relationship between the oneto-one technology phenomena and the 4 C variables.
As described in Figure 56, this study was conducted over three phases, using eight data
sets.
Figure 56
Three-Phase Study Design

Phase I first analyzed the Clarity data from 2019 – 2021, through a multi-phase
longitudinal approach. The Clarity Technology and Learning survey (See Appendix D) results
included school-wide data collected from both teachers (Data sets 1 & 3) and students (Data
sets 2 & 4) collected at the five month point and the seventeen month point of the one-to-one
technology initiative. The survey was administered to the accessible population in attendance
during student advisory periods and staff meetings over a two-week period in the winters of
2020 and 2021 respectively. The survey closed when a desired completion percentage of both
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groups had been reached. This percentage was set at 90% for both years. This convenience
sampling was determined by those in attendance during the survey window. The data analysis
included mining the data collected during the first year of the implementation of one-to-one
technology through year two, to examine the change over time, exploring any changes in the
development of the 4 C skills of students.
Phase II of this study incorporated the most recent data from the Clarity Technology and
Learning instrument collected in the winter of 2022 from both teachers (Data set 5) and students
(Data set 6). Year 3 of the one-to-one technology initiative expanded the longitudinal scope of
the data by one additional year. This also provided an opportunity to explore the development
of the 4 C stills of students when using their one-to-one technology devices prior to, during, and
after the shutdowns and distance learning environments resulting from the COVID-19
pandemic.
The final phase of this study incorporated the survey data collected from teachers and
students during the winter of 2022 using the Beliefs about Technology instrument (See
Appendix E & F). This survey was administered online in the winter of 2022 to 52 teachers
(Data set 7) and 38 students (Data set 8). The addition of this survey allowed for the inclusion
of more comprehensive demographic information from the teacher and student participants
including: 1) years of experience, 2) content area, 3) age, 4) level of education, 5) gender, and
6) grade level taught. These data also asked participants to self-rate their level of technology
competency. This included asking them both directly and through a series of 5 categorical
questions, calculated as composite scores, about their Communication, Collaboration, Critical
Thinking and Creativity skills. Lastly, this phase of the study collected 3 open-ended questions
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that provided a chance for reflections of the one-to-one technology initiative and the impact on
the 4 C skills of these students from both students’ and teachers’ perspectives.
Summary of Findings
The participants in this study were organized into eight groups over the three phases
(years 1-3).
•

Group 1 – 102 Participants comprised of the teaching staff at the participating
high school completing the Clarity Technology and Learning instrument in year
1.

•

Group 2 – 1,225 Participants comprised of students at the participating high
school in grades 9-12 completing the Clarity Technology and Learning in year 1.

•

Group 3 – 61 Participants comprised of the teaching staff at the participating
high school completing the Clarity Technology and Learning instrument in year
2.

•

Group 4 – 1,103 Participants comprised of students at the participating high
school in grades 9-12 completing the Clarity Technology and Learning in year 2.

•

Group 5 – 75 Participants comprised of the teaching staff at the participating
high school completing the Clarity Technology and Learning instrument in year
3.

•

Group 6 – 1,038 Participants comprised of students at the participating high
school in grades 9-12 completing the Clarity Technology and Learning in year 3.

•

Group 7 – 39 Participants comprised of the teaching staff at the participating
high school completing the Beliefs about Technology Use instrument in year 3.
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•

Group 8 – 58 senior high school students at the participating high school, age 18
and up, completing the Beliefs about Technology Use instrument in year 3.

Full demographic data characteristics can be referenced in Chapter 4.
Teacher and student participants in the Clarity data were asked several questions that
were categorized into one of the 4 C skills. Teachers were asked 4 questions that made up the
composite variable for Collaboration, 5 questions that comprised the composite variable for
Creativity, 8 questions that made up the composite variable for Critical Thinking, and 8
questions that were included in the composite variable for Communication. These 4 composite
variables were then combined to create the teacher 4 C composite variable that was used to
address the primary research question.
Students were asked 5 questions that made up the composite variable for Collaboration, 5
questions that comprised the composite variable for Creativity, 13 questions that made up the
composite variable for Critical Thinking, and 6 questions that were included in the composite
variable for Communication. These 4 composite variables were then combined to create the
student 4 C composite variable that was used to address the primary research question.
The 5 dependent variables included the 4 composite variable for each of the C s
(Communication, Collaboration, Critical Thinking, and Creativity) along with the 4 C composite.
The primary research question was explored through the analysis of both the teacher and student
data from the Clarity data sets and the teacher and student data from the Beliefs about
Technology data. The study investigated any perceived effects of the students’ 4 C skill
development after the implementation of the one-to-one technology initiative each year of the 3year study period using the Clarity data sets.
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Overall Data Findings
Teachers
When analyzing the teacher data from the Clarity survey over the 3-year period, the
results of the one-way ANOVA showed no statistically significant differences between teachers
in years 1, 2 and 3 across any of the dependent variables. This confirmed the null hypothesis
that there is no perceived effect of the one-to-one technology initiative implemented in grades
9-12 on students’ 4 C skills development as reported by teachers. Existing research found that
hard skills (i.e., writing, math, programming) are more cognitive, more easily teachable, and
easier to assess, as opposed to soft skills (i.e., collaboration, critical thinking, creativity)
(Devedzic et al., 2018). Project Tomorrow (2019) urges schools to take the necessary time to
document the true outcomes of technology initiatives. They discovered that when forced to
identify the impact too soon, teachers often report on the excitement of the initiative and not the
student outcomes that may still be developing based upon teachers’ overall effectiveness with
the tools. The current research being analyzed here asked teachers about the impact during the
first 3-years of the initiative and during COVID-19 which impacted the way they taught, that
could be a factor in their effectiveness when implementing technology tools into their
curriculum. Project Tomorrow indicated that in a rush to show the value of technology
programs, many schools pushed to identify tangible outcomes before teachers have been able to
integrate the tools into their curriculum (2019).
Alboin also (1996) found that teachers’ attitudes and beliefs surrounding the value of
technology tools for education are valuable predictors of their success in integrating technology
into the classroom. The Beliefs about Technology survey observed that the majority of teacher
participants (65%) shared that they did not see an impact, positive or negative, from the one-to-
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one technology initiative on the 4 C skills of students. This may suggest that the data indicate
teachers not fully clear about their own ability to integrate the 1:1 technology into their teaching
and consequently were not expecting any C to grow resulting from the initiative. According to
the Alboin, this could have been a factor that influenced their perspectives. “Educators should
consider their own attitudes toward and approaches to technology—the discourses they produce
around technology—and how they might promote growth-oriented mindsets in their students
toward using technology to best support individual learning” (Ge et al., 2021, p. 89)
Similarly, Hull and Duch (2019) surmised that it may be too early to truly evaluate the
impact of the one-to-one programs effectively. They revealed that although short-term impacts
were statistically insignificant, their results were generally more positive as the length of time
that the devices were used increased. Additional research, particularly in this study, a continued
analysis of teacher perceptions over a longer period of time, with major disruptions, could help
determine the impact of the one-to-one technology on teachers’ beliefs regarding its value.
Students
The students’ data painted a different picture. This study revealed the implementation of
the one-to-one technology initiative had statistically significant effects on how the students
perceived the development of their 4 C skills. The Beliefs About Technology survey analysis
again supports the Clarity findings as students reported greater gains in their growth as
technology users overall. Over 90% of students viewed the one-to-one technology initiative as a
positive impact on their 4 C skills. The Beliefs about Technology student data also showed
students viewed the one-to-one technology initiative as very positive in how it has impacted
their learning. This is in line with a recent study out of Canada from Ge et al. (2021), that found,
“…students perceived the devices as facilitating their interest in learning and interactions with
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others but hindering their ability to stay focused given distractions and disruptions caused, at
times, by the devices” (p. 79). Their study observed that while students were enthusiastic about
the presence of technology, they also shared mixed feelings about the use of such technology as
a learning tool (Ge et al., 2021).
The more positive response from students can be due to any number of factors. A study
by Zarzycka et al. (2021) observed that different aspects of social media had a positive
influence on the development of soft skills (communication, collaboration, critical thinking, and
creativity) in distance learning environments. Zarzycka et. al. suggested that the increased use
of social media use when students were learning at a distance, may have helped develop their
soft skills. This supports Chugh and Ruhi (2018) work that previously identified multiple
benefits from social media on learning and teaching, such as improved performance, the
convenience of learning and higher engagement. The addition of soft skills by Zarzycka et al.
increases the benefits social media may have on students 21st Century skills, including their 4 C
skills.
There are also many variables that could have contributed to the difference between
student and teacher perceptions. Silber‐Varod et al. (2019) suggested a need for research to find
ways to improve how students and teachers manage the rapidly changing educational
technologies. The difference between the teacher and student perspectives in this research could
be partially attributed to the nature of the study itself. The goal-free theoretical framework
allowed the research to examine objectives beyond those defined for the initiative. Teachers
were much more aware of the goal of the initiative, whereas students were more open in how
they viewed the initiative, looking at the impact on their learning more holistically, not knowing
what it was supposed to impact but just reflecting on how they felt changed their learning. Ge et
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al. (2021) found something similar when reporting their findings. “Students also reported
perceptions regarding how the initiative influenced other aspects of their school experience,
such as student-teacher relationships and opportunities for differentiation, which in turn
impacted their learning” (p. 78).
The power of technology for learning can be both daunting and exciting to imagine and
to use. Learning to harness it for both teaching and learning requires informed and intentional
practice. The recent pandemic has reinforced that educational technology is essential with
research to support teachers and students to enhance learning experiences.
Collaboration
When analyzing teachers’ perception of the development of students’ ability to
collaborate, teachers that reported a higher frequency of collaboration themselves, the more
they perceived collaboration skills in their students. The Clarity data showed that between the
start of the initiative and this final year, teachers did ask their students to collaborate more.
"Online collaboration contributes to improved graduation rates and other academic
improvements," allowing students to connect with a much wider audience than the face-to-face
interactions in their own classrooms (Greaves et al., 2010). Opportunities to collaborate
digitally foster better teamwork skills (Purcell et al., 2013). Teachers must offer more
opportunities for students to practice these skills to support an increase in the collaboration
skills of their students.
Students reported a strong confidence in their ability to collaborate and felt the one-toone initiative had a positive effect on their collaboration skills. The Clarity data analysis
revealed a student perception much different from that of their teachers. When comparing the
frequency that teachers ask students to collaborate, students felt they were asked much more
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frequently. Velasquez et al. (2013) found that collaboration in online documents allow students
to communicate more openly on a personal level, providing teachers with a rich source of data
to help them know students and their non-academic needs. These non-academic skills include
the 4 C skills. Building these skills in students must be done in conjunction with building
teachers’ skills in identifying them in their students.
Communication
Communication skills explored in the teacher data over the 3 years revealed a perceived a
growth in communication between years 1 and 2 in students. This year was year that included
the shift to online and hybrid learning. Upon return to traditional learning, teachers perceived a
decrease in the communication skills of students. This could be attributed to more face-to-face
communication and less online communication that would reflect student communication skills
when using technology. Online communication skills were essential according to teachers when
students only were able to communicate with their teachers via technology using tools such as
email, messaging, and chats. Again, there was a difference between students and their teachers
in the perceived frequency that students were asked to get digital feedback from someone other
than their teacher. Students felt they were asked 27% more frequently to communicate using
their technology tools than teachers felt they assigned communication related tasks. Digital
communication increases student engagement by connecting them with a broader "real world"
audience and encouraging collaboration (Purcell et al., 2013). Even though teachers felt that the
technology tools allowed students to communicate more easily, the data revealed they did not
ask students to communication online using these tools much more frequently from year 1 to
year 3 as the rate only increased by 1 to 2 percent that asked for communication assignments
weekly to monthly.
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Digital writing assignments, like digital storytelling, can turn a student’s responses to an
idea into an activity that allows them to combine their 4 C skills with technology (i.e.,
creativity, thoughtful expression, communication, and technology skills (Gresham, 2014).
Student data supports this idea as the frequency with which students felt they choose digital
tools to complete their work and share their findings rose to over half choosing a digital tool to
write at least monthly by year 3. Interactive communication and notetaking tools provide
opportunities for students to build and expand upon traditional communication and expression
skills in a digital medium (Miller & Martin, 2016). Based on these findings, students appear to
feel that they choose a digital tool more frequently than they are writing online. This suggests
students are using digital tools for more lower-level communication tasks such as notetaking
and notetaking rather than writing and creating new content.
Critical Thinking
Teachers perceived a decrease in students’ critical thinking skills as they returned to
traditional learning in year 3. Teacher comments reflected their hesitance to assign research to
their students online as they felt technology was a positive factor when providing access to
varied informational sources but also a negative influence when the ease of looking up answers
removed the requirement that students analyze information on your own. “The critical thinking
gap is one of the most significant, yet overlooked equity challenges in education today” (Seale,
2020). Teachers did find technology provided more opportunities for students to reflect on their
learning process. Seale reported only 1 in 10 teachers felt that they were prepared and teaching
critical thinking to their students. This can explain the hesitation to assign critical thinking tasks
more frequently and the ability to recognize the development of those skills in students.
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Encouraging students to develop and maintain their own goals through the critical
thinking process of reflection can improve student engagement and their understanding of the
learning process overall (Gillis, 2018). A majority of students felt they are asked at least weekly
to monthly to analyze information from different sources. This is an increasingly important skill
for students as the amount of information continues to grow, students need to know how to
critically analyze its credibility and authenticity. “The urgency of using traditional skills, such as
distinguishing sources and understanding plagiarism, have become heightened due to the
overwhelming amounts of information available on the web (Microsoft Education Team, 2010).
Seale reminds educators that although technology makes it possible to have more information at
your fingertips, information alone is insufficient to learn to think critically. “This information is
meaningless without the desire and ability to ask the right questions, identify conflicting
information, assess the credibility and accuracy of that information, and determine what actions
ought to be taken in response” (2020, p. 4). This will require ongoing support to help teachers go
beyond access to information to helping their students know what to do once they have found it.
Creativity
Teachers’ perception of students’ creativity skills was the only variable that revealed a
significant change when analyzing the Clarity data between year 1 and 2. This decrease in
creativity was perceived between the first year of the implementation to the year that the school
transitioned to online and hybrid learning due to the COVID-19 pandemic. Though a significant
change was noted in the t-Test, the frequency of only shows slight increases in the number of
opportunities teachers gave students to create projects using technology. This finding is in line
with the ND Compass data that reported over 52% of families felt students spent much less time
learning (2022). But it contradicts a study by Kapoor and Kaufman (2020) that revealed that as
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creative actions progressed across the Four Cs, especially creativity, during the COVID-19
pandemic. “Overall, people across all levels of creative accomplishment and ability have
attempted and succeeded at responding to emerging challenges with a wide array of innovation
and originality” (2020, p. 5). The World Economic Forum (2018) ranks creativity as the third
most important skill for the workplace, up from tenth in 2015. They maintain that "...for those
looking to future proof their careers, building competencies in areas that machines will be
unlikely to tackle effectively (i.e., complex problem solving, creativity) is likely the best recipe
for success" (2018). The students and teachers did not identify their creativity in their work
being exchanged in classes, but this might not have meant an overall decrease in creative
endeavors using the student devices for more personal creative outlets. “We argue that making
meaning through any kind of creative expression is an adaptive and resilient response to the
ongoing pandemic. Past research has found that in the face of such crises, creativity can not
only increase, but tends to be directed toward establishing a legacy” (Kaufman, 2018;
Routledge et al., 2008; Sligte et al., 2013).
Implications for Practice
This research utilized existing data collected by the participating school district through a
3rd party instrument developed by Clarity Bright Bytes. These data were collected in the second
semester of each year, over the 3-years of the one-to-one technology initiative since it launched
in 2019. The results of this study provide insight and inform future decisions regarding one-toone technology tools and their effect on student learning. Using the Tylerian approach as the
theoretical framework for this study, the researcher focused on the development of students’ 4 C
skills after the implementation of the one-to-one initiative and determine a plan for continuous
improvement.
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Overall, this initiative was highly positive as perceived by students in supporting their 4
C skill development. Teachers felt less positive about the initiative overall but more neutral
regarding the impacts on the skills they see in their students. All participants agreed that the
initiative was a necessity as they reflected on the value it played when confronting the
disruption to education caused by the COVID-19 pandemic. Without the necessary tools to
make the overnight shift from in-person to online learning, the impact of the pandemic would
have been much different and would require a much more significant response to the loss of
learning. The North Dakota Department of Public Instruction reported that 11th grade North
Dakota students as a whole, dropped 5 percentage points in math and 10 percentage points in
English on the North Dakota State Assessment completed in Spring 2021(North Dakota
Department of Public Instruction, 2021). The district participating in this study reported slightly
less learning loss than the state. This district’s NDSA English scores decreased by 7 percentage
points, but the district’s math scores dropped by 7 percentage points, 2 point higher than the
state overall. Even though most of the teachers and students were new to online learning and
were experiencing change, having the technology tools and internet access already in place, the
response to COVID-19 was much more successful as a result of the one-to-one initiative.
If another shutdown were to ever occur, teachers and students are now much better
prepared to seamlessly transition their instruction to an online environment. Because of the
educational experiences during COVID-19, technology has changed the way we view education
and the possibilities that are now opportunities for change. Storm days are now a thing of the
past as all stakeholders learned how to make the switch from in-person to online learning
happen with little notice. Standard practices have changed in ways that would not have been
understood without the COVID-19 shutdown experience.
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Providing students with a personal learning device is now the expectation instead of the
novelty. Curriculum, expectations, and assessments are built around access to these devices.
Paired with the implementation of the Profile of a Graduate that showcases soft skill
dispositions including the 4 C skills, students are more familiar with the 4 C skills and able to
articulate and reflect on how they can demonstrate those skills using their technology.
“Electronic portfolios can be "especially advantageous for at-risk children" because they can
house a variety of multimedia products that allow a greater range of choice for students to
showcase growth and knowledge” (Meyer et al., 2010).
Continued confidence needs to be built in teachers as reflected in their responses to the
survey questions. The number of teachers willing to take risks with the possibility to fail needs
to increase past the current rate of 61%. Providing support to encourage all teachers to take risks
and model the practice is important to show that failure is part of learning for students. Seventyone percent of teachers felt their effectiveness as teachers increased with the use of technology.
Work needs to be done to harness that increased effectiveness to impact student learning.
This study adds to the existing research regarding one-to-one technology initiatives,
specifically on the effects on soft skills such as the 4 C skills that were examined here. The
results of this study add to the growing body of research exploring the effect COVID-19 had on
education, including the practices that continue as schools return to traditional models (e.g.,
(Domina et al., 2021; Ge et al., 2021; North Dakota Compass, 2022; UNESCO, 2022). Lastly,
this school district needs to redefine the objectives of this initiative past implementation and
clearly communicate the objectives with all stakeholders. This will help all those involved
evaluate the value and view the results based on the objectives, especially when weighing the
cost of such initiatives with other expenditures. In times of tightening budgets and difficult
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funding decisions, it is essential to continually evaluate and share the results with all those
involved.
Limitations
This study had limitations that must be considered when reviewing the results. The data
analyzed in this research came from two survey instruments used to evaluate a specific one-toone technology initiative implemented at a single suburban high school with students and
teachers in the upper Midwest. Therefore, the findings are not generalizable to other grade
levels, other high schools, or other geographic locations
Another possible limitation is related to the COVID-19 pandemic that began in March
2020, about one month after the first data set was collected. This first data set comes from the
2019-2020 school year when the school district spent the first semester of the year in a
traditional education environment. Midway through semester two, all schools were shut down
for a month before starting on-line learning on a limited schedule that did not include any
synchronous classes. The first semester of 2020, students attended classes in person 2 days each
week with half of their classmates, and the other half of the students attended on the two
opposite days. On days students were not in the school building, asynchronous learning
activities were assigned and completed utilizing their one-to-one technology devices. In the
second semester of the school year, full classes of students were allowed to resume in
accordance with The Centers for Disease Control’s mitigation strategies. The second of the
Clarity surveys was administered during the second semester of this year, shortly after returning
to full-time, in-person learning. All data collected during this study were collected during
unique attendance and delivery models, but it should be noted that the one-to-one technology
being explored in this study did not include the learning environment in which the devices were
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used but instead focused on the impact of the development of students’ 4 C skills after the oneto-one initiative. This may be more of a circumstance of the environment under which the study
was conducted rather than a true limitation, though it was unplanned for and impacted the rate
and ways the devices were used during this time. The pandemic allowed this study to test the
initiative under different conditions and given that, it clearly impacted positively the students’
growth on their 4 Cs.
Another limitation of this study was the unnatural pace in which the iPads were
implemented after the forced shutdowns. The plan in place at the start of the initiative was for
small incremental steps to start using and building capacity in the technology skills of both
teachers and students. The shutdown and distance learning required a sudden application of
technology brought on with the overnight implementation of online learning left both teachers
and students scrambling to quickly figure out how to best adapt without time to set expectations
and assess the skill levels of both groups. What felt uncomfortable at the start, it did help
increase user confident using technology at a much deeper level, much faster than was initially
planned. This helped integrate these technology tools much faster than if they had not become
essential during the pandemic. Many teachers reported in their comments how fortunate they
felt to have this access during the shutdown, reflecting how different the whole experience
would have been without the devices in place. The study was limited by the one-to-one
technology initiatives timing and the alignment with the survey data collection. There was no
true pre implementation data set. The first survey was administered after the students had been
using their iPads for 5 months.
A further limitation that should be noted on the teachers’ participation is the inherent
limitations in the level of reflection that teachers dedicate to their responses. These may include
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the teachers’ level of fatigue, time, effort, and many other factors that are beyond control.
Teachers are currently reporting a high level of fatigue and frustration in the profession that is
leading to high rates of teacher attrition (Goldhaber & Theobald, 2022). Teachers’ and
students’ self-reported perceptions is also a limitation. Perceptions can be influenced by many
factors out of the participant and researcher’s control. Such factors can include job satisfaction,
mood, workload, classes being taught, student behaviors, and administrative expectations.
Participants can be influenced by their overall view of the school district, current events, or
political view at the time they are completing the survey.
As was discussed in chapter 3, a significant limitation specifically with the Clarity data
was the lack of demographic details collected. This was a limitation out of the researcher’s
control. The 3rd party vendor, Clarity, restricted demographic data collection in the proprietary
instrument used to collect data for the school district. Also, this limits the district’s access from
having full control of their data. This severely limited the ability to analyze any differences
within the participant data beyond the basics. The teacher survey was limited three demographic
questions including years of teaching, subject(s) taught, and grade level(s) taught. The student
survey is limited to the single demographic question of current student grade level. This
instrument also does not collect unique participant IDs. Without these IDs, year to year
responses could not be tracked to unique individuals requiring both the student and teacher
groups to be treated as independent variables from year to year. Lacking these details, the data
was only able to be analyzed on a broad scale, without the ability to dig into the data for a
detailed analysis between groups.
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Recommendations for Future Research
This study found a unique place in the history of education with the time frame in which
it was conducted. The COVID-19 pandemic created a pre and post pandemic collection of data
surrounding the development of the 4 C skills of students at a time that could not have been
anticipated. All students were forced to use their newly acquired devices in new ways that
authentically highlighted their 4 C skills as necessities in the new environment that they found
themselves. Future research should be done to follow the longitudinal data for a longer period
of time that does not include such huge disruptions to learning. Extending the time over which
the data are collected and analyzed should also be done to measure if there is any change in the
perceived impact of the one-to-one technology devices once the newness wears off and they are
viewed as normal learning tools. As the reflection and creation of the Portfolio of a Graduate
continues to filter through high schools, further research should be conducted to examine how
the increased intentional exposure to the dispositions, the 4 Cs, effect the students’ and
teachers’ perceptions of the demonstration of these skills. Additionally, this study should be
expanded to include more grade levels, different devices, and additional geographic locations.
The difference in how the technology tool is used at different developmental levels, collecting
additional demographic information to allow for the disaggregation based on race,
socioeconomic, and language user levels should be researched to identify areas of greater and/or
lesser impact.
Conclusion
The U.S. Department of Education describes COVID-19 as disruption to education larger
than has ever been experienced before. The effects of this disruption will take decades to fully
understand (Office for Civil Rights, 2021). The readiness to confront this challenge was largely

194
determined by schools with one-to-one devices and internet access available for their students
prior to the shutdown. The results of this study, due to the timing, not only looked at the effects
of a one-to-one initiative on the 4 C skills of students, but it also captured those effects prior to,
during, and following a world-wide pandemic. This is key as the role of the one-to-one
technology devices played a critical component in the educational changes brought on by the
pandemic.
This study can guide the approach for future initiatives and inform best practices for
innovative change. This study can provide insight to help define the ‘why’ and ‘how’ on one-toone technology initiatives. Keeping up with the changes is an ongoing challenge for everyone
and schools play a key role in providing the knowledge and training needed to be competitive in
our modern world. The results of this study can contribute to the understanding of teacher and
student perceptions of the development of the 4 C skills in 9-12th grade students after
implementing a one-to-one technology initiative. This study can inform other schools
implementation plans for one-to-one technology programs. One-to-one technology
implementations arguably advance the potential for developing 21st century skills, including
communication, collaboration, critical thinking, and creativity, and the rapidly evolving concept
of technology literacy. Teachers and students responded very differently to the initiative as
shown throughout this study. This has revealed a need to support teachers in understanding the 4
C skills more deeply and learning how to identify and strengthen those skills in their students. It
is also necessary for them to understand when technology is a tool to help students develop those
4 C skills and when it is not the right resource. Further research into understanding the why and
how to align both groups will be important for future research.
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Lastly, it is important to understand the findings beyond the goal set out by this initiative
that was to create a 21st century learning experience for all students that supports their academic
literacy as well as prepares them for college, career, and life. This study discovered the need to
examine the impact of the learning environment in which the one-to-one technology initiative is
launched. This was not part of the consideration prior to COVID-19 but essential after the
pandemic. It is also essential to explore the impact teachers have on the initiative through their
beliefs about the role of technology, their level of technical knowledge and skills, their
understanding of the expectations for use, and the support they need with technical issues.
Students also need to be included when exploring the impact of the initiative as their beliefs
about technology’s role in their learning, their understanding of how it is expected to be used,
and their educational technology skills played an important part in how they perceived the
initiative impacted their 4 C skills. Identifying all the potential factors in such an initiatives
success will be key to continuous improvement and growth.
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Appendix D
Bright Bytes Clarity Technology and Learning Question Inventory: Students & Teachers
Bright Bytes Student Question Inventory
Question
Number
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33

Student Questions
How often do you use computer devices (e.g., desktops, laptops, or tablets) in class?
Can you take home a school-provided device (e.g., Chromebook, PC, iPad, or MacBook Air)?
Do you personally own any of the following devices? | Laptop computer (e.g., Chromebook or
MacBook)
Do you personally own any of the following devices? | Tablet (e.g., iPad, Nexus, or Galaxy)
Do you personally own any of the following devices? | Smartphone (e.g., iPhone, Pixel, or Galaxy)
Do you have internet access at home?
Is your Internet at home wireless?
How do you primarily connect to your wireless network?
How easy is it for you to do the following? | Connect to devices via Bluetooth or Wi-Fi?
How easy is it for you to do the following? | Create spreadsheets
How easy is it for you to do the following? | Edit photos on digital devices (e.g., computers or
smartphones)
How easy is it for you to do the following? | Record and edit digital content (e.g., video or audio)
How easy is it for you to do the following? | Download and install software and apps
How easy is it for you to do the following? | Collaborate using online documents (e.g., Google Docs
or Office 365)
How easy is it for you to do the following? | Find out if online content is trustworthy
Do you agree with the following statements? | I learn technology easily.
Do you agree with the following statements? | I find good solutions when I have a problem with
technology.
How often do you do the following? | Upload photos from a digital device (e.g., phone or camera)
How often do you do the following? | Download or stream music, podcasts, or other audio
How often do you do the following? | Chat online (e.g., FaceTime, Google Hangouts, or Skype)
How often do you do the following? | Read things on the Internet (e.g., blogs or news sites)
How often do you do the following? | Write online (e.g., reviews, blog posts, or comments)
How often do you use the following social networks? | Facebook
How often do you use the following social networks? | LinkedIn
How often do you use the following social networks? | Twitter
How often do you use the following social networks? | Snapchat
How often do you use the following social networks? | Instagram
If you wanted to learn more about something, how often would you ask a question in a social
network (e.g., Facebook, or Twitter)
Who has talked to you about responsible internet and cell phone use?
How often do a majority of your teachers ask you to do the following? | Collaborate using online
documents (e.g., Google Docs or Office 365)
How often do a majority of your teachers ask you to do the following? | Collaborate online with
classmates
How often do a majority of your teachers ask you to do the following? | Collaborate online with
students at other schools
How often do a majority of your teachers ask you to do the following? | Reflect on your learning
process (e.g., what worked, what didn't, or what you would do differently)
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S34

S35
S36
S37
S38
S39
S40
S41

S42
S43
S44
S45
S46
S47
S48
S49
S50
S51
S52
S53

S54
S55
S56

S57

S58

How often do a majority of your teachers ask you to do the following? | Participate in designing your
learning goals and processes (e.g., planning your work or how you will be tested)
How often do a majority of your teachers ask you to do the following? | Collaborate online with
students from different communities and cultures (e.g., digital pen pals, social action projects, or
school global partnerships)
How often do a majority of your teachers ask you to do the following? | Write for an online audience
(e.g., reviews, comments, or blog entries)
How often do a majority of your teachers ask you to do the following? | Receive feedback digitally
from classmates
How often do a majority of your teachers ask you to do the following? | Receive feedback digitally
from someone other than your teacher (e.g., an expert outside of school)
How often do a majority of your teachers ask you to do the following? | Chat online using tools (e.g.,
Skype, Google Hangout, or FaceTime)
How often do a majority of your teachers ask you to do the following? | Collaborate online with your
teachers
How often do a majority of your teachers ask you to do the following? | Use the internet to receive
information (e.g., Twitter or news feeds)
How often do a majority of your teachers ask you to do the following? | Choose digital tools that help
you complete your work and communicate your findings (e.g., blogs, slide deck presentations,
graphic design software, or video editing software)
How often do a majority of your teachers ask you to do the following? | Take digital photos or videos
How often do a majority of your teachers ask you to do the following? | Develop multimedia
presentations using technology
How often do a majority of your teachers ask you to do the following? | Create art, music, movies, or
podcasts using technology
How often do a majority of your teachers ask you to do the following? | Create an e-Portfolio to post
and share schoolwork online
How often do a majority of your teachers ask you to do the following? | Create online models,
simulations, or animations using technology
How often do a majority of your teachers ask you to do the following? | Do research online
How often do a majority of your teachers ask you to do the following? | Take measurements or do
experiments using technology
How often do a majority of your teachers ask you to do the following? | Identify and solve real-world
problems using technology
How often do a majority of your teachers ask you to do the following? | Collect and analyze data
using technology
How often do a majority of your teachers ask you to do the following? | Make an argument using
evidence from online sources
How often do a majority of your teachers ask you to do the following? | Make a plan to use
information from different sources for class assignments (e.g., online, digital, or paper)
How often do a majority of your teachers ask you to do the following? | Use digital tools to collect
and organize information from digital sources (e.g., apps for notetaking, annotating, or data
collection)
How often do a majority of your teachers ask you to do the following? | Plan and manage a process
for solving real-world problems that considers advantages and risks (e.g., time, money, or materials)
How often do a majority of your teachers ask you to do the following? | Develop and test ways to
solve problems and improve them over time (e.g., reflecting and adjusting as needed)
How often do a majority of your teachers ask you to do the following? | Use computers to solve
problems efficiently (e.g., use "find and replace" to make changes or use tools to analyze or visualize
data/results)
How often do a majority of your teachers ask you to do the following? | Plan and manage a process
for solving complex problems that breaks them down into different parts (e.g., if working in groups,
everyone has a different role)
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S59
S60
S61
S62
S63

S64

S65
S66
S67
S68
S69
S70
S71
S72
S73
S74
S75
S76

How often do a majority of your teachers teach you about the following? | How to cite information I
find online (e.g., articles, images, videos, or audio)
How often do a majority of your teachers teach you about the following? | How to share information
about myself online
How often do a majority of your teachers teach you about the following? | How to act respectfully
online
How often do a majority of your teachers teach you about the following? | How to respond to online
bullying
How often do a majority of your teachers teach you about the following? | How to recognize
trustworthy online content
How often do a majority of your teachers teach you about the following? | How to protect your
identity through the safe use and storage of passwords and personal information (e.g., using strong
passwords or being careful with how you share your personal information)
How often do a majority of your teachers teach you about the following? | How to be careful of
emails from unknown senders (e.g., people pretending to be someone you know or people asking you
to send money or share passwords)
How often do a majority of your teachers teach you about the following? | How to check that
websites are safe (e.g., look for web browser warnings or verify the web address)
How often do a majority of your teachers teach you about the following? | How to evaluate the
credibility of sources (e.g., who created the content, when was it created, or where you found it)
How often do you get to choose what you learn about?
What are the major obstacles to using technology in school?
Are you part of a group at school that helps people use technology (e.g., fixing computers, updating
software, and answering people's questions)?
How strongly do you agree with the following statements? | Technology use in the classroom
enhances my learning.
How strongly do you agree with the following statements? | I think that learning is more engaging
when using technology.
How strongly do you agree with the following statements? | My school encourages technology use
for learning.
How strongly do you agree with the following statements? | I want to know more about technology
use for learning.
How strongly do you agree with the following statements? | I think computers and technology
enhance my daily life.
What grade are you in?
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Bright Bytes Teacher Question Inventory
Question
Number
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20
T21
T22
T23
T24
T25
T26
T27
T28
T29

Teacher Questions
Which of the following best describes your role at school?
How often can you access the following school- or district-provided technologies for YOUR USE in
class? | Desktop computer
How often can you access the following school- or district-provided technologies for YOUR USE in
class? | Laptop computer (e.g., Chromebook or MacBook)
How often can you access the following school- or district-provided technologies for YOUR USE in
class? | Tablet (e.g., iPad, Nexus, or Galaxy)
How often can you access the following school- or district-provided technologies for YOUR USE in
class? | An LCD projector or interactive whiteboard
How often can you access the following school- or district-provided technologies for YOUR USE in
class? | Access to a wireless network (Wi-Fi)
Can you take home a school-provided device (e.g., Chromebook, PC, iPad, or MacBook Air)?
How often do your students use computer devices (e.g., desktops, laptops, tablets) in class?
On average, what is the student-to-device (e.g., desktop, laptop, or tablet) ratio available for your
students (e.g., in your classroom, labs, and from carts)?
Where do these devices come from?
How frequently can you access computer devices (e.g., desktop, laptop, or tablet) for your students'
use?
Does your school or district provide you with the following digital options? | An online place where
teachers can access and share materials with colleagues
Does your school or district provide you with the following digital options? | A system for entering
and viewing student assessment results
Does your school or district provide you with the following digital options? | A system for
administering and viewing digital assessments
Do you personally own any of the following devices? | Laptop computer (e.g., Chromebook or
MacBook)
Do you personally own any of the following devices? | Tablet (e.g., iPad, Nexus, or Galaxy)
Do you personally own any of the following devices? | Smartphone (e.g., iPhone or Samsung
Galaxy)
Do you have internet access at home?
Is your Internet at home wireless?
How do you primarily connect to your wireless network?
How easy is it for you to do the following? | Connect to devices via bluetooth or wifi?
How easy is it for you to do the following? | Create spreadsheets
How easy is it for you to do the following? | Edit photos on digital devices (e.g., computers or
smartphones)
How easy is it for you to do the following? | Record and edit digital content (e.g., video or audio)
How easy is it for you to do the following? | Download and install software and apps
How easy is it for you to do the following? | Collaborate using online documents (e.g., Office 365 or
Google Docs)
Indicate how strongly you agree or disagree with the following statements. | I find good solutions
when I have a problem with technology.
Indicate how strongly you agree or disagree with the following statements. | I easily find new
technologies to meet my teaching goals.
Indicate how strongly you agree or disagree with the following statements. | I feel confident
managing a classroom where students are using technology.
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T30

T31
T32
T33
T34
T35
T36
T37
T38
T39

T40
T41
T42
T43
T44
T45
T46
T47
T48
T49
T50
T51
T52
T53

T54
T55
T56
T57
T58
T59
T60

Indicate how strongly you agree or disagree with the following statements. | I create my own
professional learning goals (e.g., exploring new strategies for applying technology to my classroom)
Indicate how strongly you agree or disagree with the following statements. | I evaluate the progress
of my professional learning goals during team meetings, in classroom observations, or through
personal reflection
Indicate how strongly you agree or disagree with the following statements. | I use assessment data to
provide timely feedback to stakeholders (e.g., students, parents, or colleagues)
How often do you do the following? | Upload photos from a digital device (e.g., phone or camera)
How often do you do the following? | Download or stream music, podcasts, or other audio
How often do you do the following? | Look at friends' photos or videos online
How often do you do the following? | Chat online (e.g., FaceTime, Google Hangouts, or Skype)
How often do you do the following? | Read online content (e.g., blogs or news sites)
How often do you do the following? | Participate in webinars
How often do you do the following? | Write online (e.g., reviews, blog posts, or comments)
How often do you do the following? | Use current research about technology or learning sciences to
shape my teaching practice (e.g., applying instructional strategies learned from social networks or
conferences)
How often do you use the following social networks? | Facebook
How often do you use the following social networks? | LinkedIn
How often do you use the following social networks? | Twitter
How often do you use the following social networks? | Educational social networks (e.g., Edmodo
or The Educator's PLN)
How often do you use the following social networks? | Pinterest
How often do you use the following social networks? | Snapchat
How often do you use the following social networks? | Instagram
If you wanted to learn more about something, how often would you ask a question in a social
network (e.g., Facebook, LinkedIn, or Twitter)
How frequently do you do the following for a majority of your classes? | Post course materials
online
How frequently do you do the following for a majority of your classes? | Post homework online
How frequently do you do the following for a majority of your classes? | Use online audio content
How frequently do you do the following for a majority of your classes? | Use online video content
How frequently do you do the following for a majority of your classes? | I curate digital learning
resources and tools (e.g., open education resources, apps, websites, or new pedagogical practices)
How frequently do you do the following for a majority of your classes? | I provide my students
opportunities to make socially responsible contributions using technology (e.g., crowdsourcing,
crowd funding, mobilizing for a cause, or productively contributing to innovation and
entrepreneurship)
How frequently do you ask a majority of your students to do the following? | Collaborate using
online documents (e.g., Office 365 or Google Docs)
How frequently do you ask a majority of your students to do the following? | Collaborate online
with classmates
How frequently do you ask a majority of your students to do the following? | Collaborate online
with students at other schools
How frequently do you ask a majority of your students to do the following? | Write for an online
audience (e.g., reviews, blog posts, or comments)
How frequently do you ask a majority of your students to do the following? | Receive feedback
digitally from classmates
How frequently do you ask a majority of your students to do the following? | Receive feedback
digitally from someone other than you (e.g., an outside expert)
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T61
T62
T63
T64
T65
T66
T67
T68
T69
T70
T71
T72

T73
T74
T75
T76
T77

T78
T79
T80
T81
T82
T83
T84
T85
T86

How frequently do you ask a majority of your students to do the following? | Chat online (e.g.,
Skype, Google Hangout, or FaceTime)
How frequently do you ask a majority of your students to do the following? | Collaborate online
with you
How frequently do you ask a majority of your students to do the following? | Use the internet to
receive information (e.g., Twitter or news feeds)
How frequently do you ask a majority of your students to do the following? | Take digital photos or
videos
How frequently do you ask a majority of your students to do the following? | Develop multimedia
presentations using technology
How frequently do you ask a majority of your students to do the following? | Create art, music,
movies, or podcasts using technology
How frequently do you ask a majority of your students to do the following? | Create an e-Portfolio
to post and share schoolwork online
How frequently do you ask a majority of your students to do the following? | Create models,
simulations, or animations using technology
How frequently do you ask a majority of your students to do the following? | Conduct research
online
How frequently do you ask a majority of your students to do the following? | Take measurements or
do experiments using technology
How frequently do you ask a majority of your students to do the following? | Identify and solve
authentic problems using technology
How frequently do you ask a majority of your students to do the following? | Collect and analyze
data using technology
How frequently do you ask a majority of your students to do the following? | Participate in the
design of their learning process and goals (e.g., assessment choice, project timelines, or student-led
pathways to meet goals)
How frequently do you ask a majority of your students to do the following? | Reflect on the learning
process (e.g., successes, failures, or necessary improvements or changes)
How frequently do you use the following with a majority of your students? | Interactive whiteboards
or display devices (e.g., LCD projectors or large monitors)
How frequently do you use the following with a majority of your students? | Digital polls (e.g.,
response clickers or online surveys)
How frequently do you use the following with a majority of your students? | Digital textbooks
How frequently do you use the following with a majority of your students? | I use technology to
build and administer assessments that inform instructional practices (e.g., using assessments to
measure understanding in real-time, or allowing for visual or interactive assessment responses)
How frequently do you use the following with a majority of your students? | I use assessment data to
personalize instruction for my students (e.g., to adjust instructional practices)
How frequently do you use the following with a majority of your students? | Digital assessments
How much time do you spend per year formally or informally teaching students about the following
topics? | Creating an online presence
How much time do you spend per year formally or informally teaching students about the following
topics? | Citing online resources
How much time do you spend per year formally or informally teaching students about the following
topics? | Preventing cyberbullying
How much time do you spend per year formally or informally teaching students about the following
topics? | Being safe online
How much time do you spend per year formally or informally teaching students about the following
topics? | Using social networks for learning
How much time do you spend per year formally or informally teaching students about the following
topics? | Evaluating the credibility of online content
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T114

How much time do you spend per year formally or informally teaching students about the following
topics? | Evaluating the credibility of sources (e.g., perspective, relevance, or origin of information)
How much time do you spend per year formally or informally teaching students about the following
topics? | Processes for solving authentic problems that consider the advantages and risks of the
process (e.g., design thinking, project-based learning, models and simulations)
How much time do you spend per year formally or informally teaching students about the following
topics? | Using computers to solve problems efficiently (e.g., use "find and replace" to make
changes, use tools to analyze or visualize data/results)
Assistive technologies (AT) enable individuals with special needs to be more independent, selfconfident, productive, and better integrated into the mainstream. Do you currently have access to
AT for your students?
How frequently do you do the following? | Use assistive technology with general education students
How frequently do you do the following? | Use assistive technology with English Language
Learners
How frequently do you do the following? | Use assistive technology with special education students
How frequently do you do the following? | Help decide which assistive technology your students
will use
How frequently do you do the following? | Receive professional development on effective use of
assistive technology
Rate your knowledge of the following. | Creating an online presence
Rate your knowledge of the following. | Citing online resources
Rate your knowledge of the following. | Preventing cyberbullying
Rate your knowledge of the following. | Being safe online
Rate your knowledge of the following. | Evaluating the credibility of online content
Rate your knowledge of the following. | Protecting your students' data privacy (e.g., safely handing
sensitive information such as passwords and personally identifiable information)
When using the school's Internet, how often do school filters prevent you from accessing websites
you need for classes?
Rate the quality of the following technology products and services at your school. | Internet speed
Rate the quality of the following technology products and services at your school. | Computer
devices (e.g., desktops, laptops, or tablets)
Rate the quality of the following technology products and services at your school. | Interactive
whiteboards or display devices (e.g., LCD projectors or large monitors)
Rate the quality of the following technology products and services at your school. | Support for
problems disrupting instruction
Rate the quality of the following technology products and services at your school. | Answers to
routine questions
Rate the quality of the following technology products and services at your school. | Instructional
technology planning
Rate the average response speed for receiving the following services. | Support for problems
disrupting instruction
Rate the average response speed for receiving the following services. | Answers to routine questions
Rate the average response speed for receiving the following services. | Instructional technology
planning
Indicate how strongly you agree or disagree with the following statements. | Technology use in the
classroom enhances student learning.
Indicate how strongly you agree or disagree with the following statements. | I think that learning is
more engaging when using technology.
Indicate how strongly you agree or disagree with the following statements. | My school encourages
technology use for teaching and learning.

T115

Indicate how strongly you agree or disagree with the following statements. | I want to learn more
about effective technology use for teaching and learning.

T87

T88

T89

T90
T91
T92
T93
T94
T95
T96
T97
T98
T99
T100
T101
T102
T103
T104
T105
T106
T107
T108
T109
T110
T111
T112
T113
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T116
T117
T118
T119
T120

T121

T122
T123
T124

T125

T126

T127

T128
T129

T130

T131
T132
T133
T134
T135
T136
T137
T138
T139

Indicate how strongly you agree or disagree with the following statements. | I provide equitable
access to technology for students with diverse needs (e.g., using technology that best meets learner
needs)
How often are the following statements true for you? | My department or grade-level team discusses
technology use at meetings.
How often are the following statements true for you? | I discuss technology use during my
evaluations.
How often are the following statements true for you? | I discuss technology use during class
observations or visits.
How often are the following statements true for you? | I feel recognized for integrating technology
into my teaching.
How often are the following statements true for you? | I help shape a vision for empowered learning
with technology at my school (e.g., technology integration committee, technology mentor, or
conference presenter)
How often are the following statements true for you? | I collaborate with colleagues to design
authentic learning experiences that leverage technology (e.g., using data to solve real-world
problems or focusing on current issues)
How often are the following statements true for you? | I explore new digital tools with students (e.g.,
looking for new apps or troubleshooting in-class technology issues)
How often are the following statements true for you? | I demonstrate cultural competency when
collaborating with students, parents, and colleagues about student learning
How often are the following statements true for you? | I use technology to design personalized
learning experiences that accommodate the needs of my students (e.g., scaled tests and quizzes or
competency-based learning resources)
How many hours have you spent in the past 12 months participating in the following types of
educational technology professional development (PD)? | Formal PD sponsored by the school or
district (e.g., in-service days or mentoring)
How many hours have you spent in the past 12 months participating in the following types of
educational technology professional development (PD)? | Formal PD organized by someone other
than the school or district (e.g., degree programs or conferences)
How many hours have you spent in the past 12 months participating in the following types of
educational technology professional development (PD)? | Informal PD organized by someone other
than the school or district (e.g., blogs or social media)
What was the quality of the following types of educational technology PD you've completed in the
past 12 months? | Formal PD sponsored by the school or district (e.g., in-service days or mentoring)
What was the quality of the following types of educational technology PD you've completed in the
past 12 months? | Formal PD organized by someone other than the school or district (e.g., degree
programs or conferences)
What was the quality of the following types of educational technology PD you've completed in the
past 12 months? | Informal PD organized by someone other than the school or district (e.g., blogs or
social media)
Which of the following professional development topics are you interested in?
Do you allow your students to use their personal devices (e.g., laptops, tablets, or smartphones) in
class for academic reasons?
Are you a special education teacher? This includes working in self-contained or departmentalized
classrooms, pull-out settings, or other forms of special education instruction.
Which of the following do you teach?
Which grade(s) do you currently teach?
How long have you been teaching?
What subject(s) do you teach?
If other, what else do you teach?
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228
Appendix E
Beliefs about Technology Use for Classroom Instruction & Student Learning Instrument

Qualtrics Survey Preview For Teacher Survey:
Take the Survey
Or copy and paste the URL below into your internet browser:
https://mnstate.co1.qualtrics.com/jfe/preview/SV_5j6CYkpSGVpfdxX?Q_CHL=preview
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Qualtrics Survey Preview For Student Survey:
Take the Survey
Or copy and paste the URL below into your internet browser:
https://mnstate.co1.qualtrics.com/jfe/preview/SV_1Gmvore1aItXSnQ?Q_CHL=preview
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Appendix F
University of Minnesota State Moorhead IRB Approval
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Appendix G
West Fargo Public Schools Consent for Research Approval
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Appendix H
Bright Bytes Data Path Finder: Classroom Domain
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Appendix I
Beliefs about Technology Use for Classroom Instruction & Student Learning Instrument
Use Permission
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Appendix J
Beliefs about Technology Instrument Comments Demographic Details

Participant
TE102
TE106
TE109
TE115
TE116
TE119
TE120
TE127
TE131
TE134
TE107
TE113
TE126
TE132
TE133

Age Range
30-39 years old
30-39 years old
20-29 Years old
40-49 years old
50-59 years old
40-49 years old
60-69 years old
50-59 years old
40-49 years old
50-59 years old
40-49 years old
40-49 years old
30-39 years old
50-59 years old
40-49 years old

Years of
Gender Experience
Woman
9
Man
10
Woman
6
Man
16
Woman
30
Woman
20
Man
22
Man
19
Woman
18
Man
23
Woman
30
Woman
18
Woman
5
Man
42
Man
32

Grades currently teaching
9,10,11,12
9,10,11,12
9,10
10,11,12
10,12
11,12
9,10,11,12
9,10,11,12
9,10,11,12
9,10,11,12
10,11,12
9,10,11,12
10
9,10,11,12
11,12

Student Comments Demographic Details

ST105
ST108
ST110
ST113
ST119
ST126
ST140
ST142
ST151
ST157

Birth Year
2003
2003
2003
2003
2003
2004
2003
2003
2004
2004

Gender
Woman
Woman
Woman
Man
Woman
Woman
Woman
Woman
Man
Woman

Grade Level
12
12
12
12
12
12
12
12
12
12

Years in this District
13
10
10
4
13
4
10
10
12
7

